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(54) REMOTE CONTROLLER OF BIPED ROBOT 



(57) A remote controller for a biped robot is of a sim- 
ple arrangement capable of remotely controlling move- 
ment of the biped robot while taking into account the sta- 
bility of the attitude of the robot. A manipulation unit 23 
outputs, to a robot A, signals representative of manipu- 
lated positions of manipulator levers 26, 26 which cor- 
respond respectively to both legs 2, 2 of the robot A. A 
control unit 19 mounted in the robot A generates a mo- 
tion command (desired gait) for determining motions of 
the legs for at least two steps of a walking action of the 
robot A depending on the manipulated positions of ma- 
nipulator levers 26, 26 which are represented by output 
signal data from the manipulation unit 23, and controls 
motions of the legs 2, 2 based on the motion command. 
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Description 

Technical field: 

[0001 ] The present invention relates to a remote con- 
troller for a biped robot. 

Background art: 

[0002] Biped robots which attempts have been made 
in recent years to put to practical use by the applicant 
of the present application and others have two legs ex- 
tending from an upper body. Like humans, the biped ro- 
bot moves by making a walking action to lift and place 
the two legs. In the present specification, the "move- 
ment" of the biped robot covers motion from one place 
to another and also turning in substantially the same po- 
sition to change the direction of the robot, for example. 
[0003] For moving a biped robot, it is the general prac- 
tice to teach a control apparatus for controlling the robot 
according to an algorithm which determines the pattern 
of a walking action that the robot is going to make (an 
algorithm which determines what walking action is to 
-made at which timing). 

[0004] This process of teaching the control apparatus 
according to such an algorithm requires a lot of time and 
tabor for carrying out the teaching sequence. According 
to the process, it is difficult to control the robot to make 
various walking actions freely. 

[0005] Onesolution isto instruct the control apparatus 
in a desired walking action for the robot under remote 
control with a remote controller or the like. 
[0006] Unlike industrial robots that are installed at 
site, biped robots are intrinsically susceptible to distur- 
bances and tend to lose attitude stability. Therefore, it 
is necessary to construct a robot control system that is 
designed taking into account the attitude stability of the 
robot. 

[0007] It is also known in the artthat the walking action 
of a robot is controlled by a so-called master-slave sys- 
tem. However a biped robot control apparatus based 
on such a master-slave system is large in scale and 
complex in structure because the operator itself is re- 
quired to make an action which is identical to a walking 
action that the manipulating person wants the robot to 
make. 

[0008] The present invention has been made in view 
of the above background. It is an object of the present 
invention to provide a remote controller of simple ar- 
rangement for remotely controlling a biped robot to 
move while taking into account the attitude stability of 
the biped robot. 

Disclosure of the invention: 

[0009] To achieve the above object, there is provided 
in accordance with the present invention a remote con- 
troller for a biped robot which moves in a walking action 



by alternately lifting and placing two legs, characterized 
by comprising a manipulation unit having a manipulator 
lever shiftable to a plurality of manipulated positions, for 
outputting a signal representing a manipulated position 
5 of the manipulator lever, and control means for being 
supplied with output signal data from the manipulation 
unit, generating a motion command for determining mo- 
tions of the legs for at least two steps of the walking ac- 
tion of the robot depending on the manipulated position 
10 of the manipulator lever which is represented by thesup- 
plied output signal data, and controlling motions of the 
legs based on the motion command. 
[0010] According to the present invention, the control 
means generates motion commands for the legs of the 
is robot depending on the manipulated position of the ma- 
nipulator lever, and controls motions of the legs based 
on the motion command. Therefore, it is possible to en- 
able the robot to make a plurality of types of patterns of 
walking actions (e.g., forward movement, turning, lateral 
walking, etc.) by manipulating the manipulator levers. 
Since the motion command is generated for at least two 
steps of the walking action of the robot, a walking action 
pattern for at least two steps of the robot can be indicat- 
ed by the manipulated position of the manipulator lever 
of the manipulation unit. Thus, the control means can 
generate the motion command while keeping the center 
of gravity of the robot in a position appropriate for main- 
taining the stable attitude of the robot. 
[0011] According to the present invention, therefore, 
it is possible to remotely control movement of the biped 
robot while taking into account the stability of the attitude 
of the robot. 

[0012] According to the present invention, more spe- 
cifically the motion command for determining motions 
of the legs for at least two steps represents a desired 
gait for two steps which comprises a current time gait 
for determining motions of the legs from a two-leg sup- 
port period in which both the legs are placed until a next 
two-leg support period, and a next time gait for deter- 
mining motions of the legs from the next two-leg support 
period until a two-leg support period next to the next. 
Each time a two-leg support period is reached, said con- 
trol means obtains a next time gait immediately prior to 
the dual support base as a current time gait, generates 
a new next time gait depending on the manipulated po- 
sition of said two-leg support period manipulator lever, 
and sequentially adjusts at least the new next time gait 
depending on the manipulated position of the manipu- 
lator lever. 

[0013] With the above arrangement, while moving the 
legs of the robot based on the current time gait from 
each two-leg support period to a next two-leg support 
period, the next time gait from the next two-leg support 
period until the two-leg support period next to the next 
two-leg support period is generated. When the motion 
of the legs of the robot based on the current time gait is 
completed and the next two-leg support period is 
reached, the next time gait generated immediately prior 
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pattern (manipulation mode) of the manipulation unit 
which matches the operator's preferences. 
[0026] The plurality of manipulated positions include 
a manipulated position for moving the robot in the fore- 
and-aft direction, a manipulated position for moving the 
robot in the lateral direction, and a manipulated position 
for moving the robot in the rotational direction. 

Brief description of the drawings: 

[00271 

FIGS. 1 and 2 are perspective and side elevational 
views, respectively, of a biped robot according to a 
first embodiment of the present invention; 
FIG. 3 is a perspective view of major components 
of a remote controller for the robot shown in FIGS. 
1 and 2; 

FIG. 4 is a block diagram of a control unit of the re- 
mote controller shown in FIG. 3; 
FIG. 5 is a flowchart of a control sequence for con- 
trolling the robot; 

FIG. 6 is a diagram illustrative of the control se- 
quence for controlling the robot; 
FIGS. 7 through 13 are diagrams illustrative of leg 
actions of the robot according to the first embodi- 
ment of the present invention; and 
FIGS. 14(a) through 14(d) are diagrams illustrative 
of leg actions of a robot according to a second em- 
bodiment of the present invention. 

Best mode for carrying out the invention: 

[0028] A remote controller for a biped robot according 
to a first embodiment of the present invention will be de- 
scribed below with reference to FIGS. 1 through 13. 
[0029] As shown in FIGS. 1 and 2, a biped robot A 
according to the present embodiment comprises a hu- 
man-shaped robot having an upper body 1 (torso), a pair 
of left and right legs 2, 2, a pair of left and right arms 3, 
3, and a head 4. 

[0030] The upper body 1 of the robot A comprises a 
main body 5 from which the legs 2, 2 and the arms 3, 3 
extend and which supports the head 4 thereon, and a 
box-shaped auxiliary body 6 mounted on the back of the 
main body 5 so as to be shouldered thereon. 
[0031 ] A hip 7 is provided on the lower end of the main 
body 5. The legs 2 extend respectively from a pair of left 
and right hip joints 8, 8 disposed in the hip 7. Each of 
the legs 2 has a knee joint 1 0 and an ankle joint 1 1 dis- 
posed between a foot 9 thereof and the hip joint 8 and 
arranged successively from the hip joint 8. 
[0032] Each of the hip joints 8 can rotate about three 
axes which extend vertically (in a pitch direction), later- 
ally (in a roll direction), and sagitally (in a yaw direction), 
respectively. The knee joint 1 0 can rotate about one axis 
which extends laterally. The ankle joint 11 can rotate 
about two axes which extend vertically and laterally, re- 
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spectively. With these rotatable joints, each of the legs 
2 can move substantially in the same manner as with 
the human leg. A ground sensor 1 2 for outputting a sig- 
nal when the foot 9 is placed on a floor F (see FIG. 2) is 
5 mounted on the sole of the foot 9 of each of the legs 2. 
The ground sensor 12 corresponds to a placing detect- 
ing means according to the present invention, and com- 
prises a pressure sensor or the like, for example. The 
placing detecting means may alternatively comprise a 
io sensor (to be described later on) for detecting a load 
and a moment acting on the foot 9. 
[0033] Shoulder joints 13 are provided on respective 
left and right sides of an upper portion of the main body 
5. The arms 3 extend from the respective shoulder joints 
f 5 1 3. Each of the arms 3 has an elbow joint 1 5 and a wrist 
joint 16 disposed between a hand 14 thereof and the 
shoulder joint 14 and arranged successively from the 
shoulder joint 13. The shoulder joint 13, the elbow joint 
15, and the wrist joint 16 can rotate about three axes, 
one axis, and one axis, respectively, making it possible 
to move each arm 3 substantially in the same manner 
as with the human arm. 

[0034] The joints of the legs 2 and the arms 3 are ac- 
tuated by electric motors, not sown. The head 4 is sup- 
ported on an upper end of the main body 5, and houses 
therein an imaging device (not shown) for vision of the 
robot A. 

[0035] As shown in FIG. 2, an electric energy storage 
device 1 7 serving as a power supply for moving the ro- 
bot A is mounted in the main body 5. The auxiliary body 
6 houses therein a driver circuit unit 18 for the electric 
motors (not shown) which actuate the joints of the legs 
2 and the arms 3, a control unit 1 9 (hereinafter referred 
to as "ECU 1 9") for controlling movements of the robot 
A (controlling movements of the joints of the legs 2 and 
the arms 3), a communication device 20 for exchanging 
various pieces of information between the ECU 19 and 
a remote controller 22, to be described later on, and a 
DC/DC converter 21 for converting the level of the out- 
put voltage of the electric energy storage device 17 into 
the level of a voltage for energizing the above electric 
motors. The ECU 19 comprises an electronic circuit in- 
cluding a microcomputer, and corresponds to a control 
means according to the present invention. In the present 
embodiment, the communication device 20 carries out 
wireless communications. 

[0036] Although not shown, the biped robot A accord- 
ing to the present embodiment has, in addition to the 
above structural details, sensors for detecting operating 
positions of the joints of the legs 2 and the arms 3 (an- 
gular displacements of the electric motors for actuating 
the joints), sensors for detecting loads and moments 
acting on the feet 9 of the legs 2, and sensors for de- 
tecting an angle of inclination and an angular velocity of 
inclination of the upper body 1 . The ECU 1 9 controls the 
electric motors for actuating the joints of the legs 2 and 
the arms 3 based on information obtained from the sen- 
sors (including the ground sensor 12), a predetermined 



EP 1 344 613 A1 



25 



30 



35 



40 



45 



50 



XID: <EP 1344613A1 J_> 



4 



3 



EP1 344 613 A1 



4 



i to the next two-leg support period becomes the current 
time gait from the next two-leg support period. By thus 
generating a current time gait and a next time gait as a 
desired gait for two steps, it is possible to cause the ro- 
bot to make a walking action while avoiding an abrupt 
shifting of the center of gravity of the robot and reliably 
maintaining the stability of the attitude of the robot. 
[0014] Preferably, according to the present invention, 

* the manipulation unit has manipulator levers associated 
respectively with the legs of said robot, and said control 
means generates said motion command for determining 
a relative placed position and/or attitude of the free leg 
with respect to the supporting leg ; depending on the ma- 
nipulated position of the manipulator lever which is rep- 
resented by said output signal data with respect to the 
manipulator lever corresponding to the free leg in said 
walking action. 

[0015] With the above arrangement, depending on 
the manipulated position of the manipulator lever corre- 
sponding to one of the two legs of the robot, a motion of 
the one leg is determined when the robot walks one step 
with the one free leg (the one leg is lifted and placed), 
and depending on the manipulated position of the ma- 
nipulator lever corresponding to the other leg, a motion 
of the other leg is determined when the robot walks one 
step with the other free leg (the other leg is lifted and 
placed). That is, it is possible to indicate, to the control 
means, motions of the legs for two steps of the walking 
action of the robot by manipulating the manipulator le- 
vers which correspond respectively to the legs. The con- 
trol means can thus generate the motion command so 
as to match the manipulated positions of the manipula- 
tor levers, so that the matching between the manipula- 
tion of the manipulation unit and the actual walking ac- 
tion of the robot is increased. 

[0016] Preferably, according to the present invention, 
said plurality of manipulated positions include a move- 
ment stopping manipulated position for stopping move- 
ment of said biped robot, and said control means selec- 
tively generates a motion command for causing said 
legs to make a stepping action and a motion command 
for keeping said legs in a placed state, depending on a 
predetermined condition, when said manipulator lever 
is shifted to said movement stopping manipulated posi- 
tion. 

[001 7] With the above arrangement, when the manip- 
ulator lever is shifted to the movement stopping manip- 
ulated position, the legs make a stepping action or are 
kept in the placed state without moving the robot. While 
in the stepping action, the robot can smoothly start mov- 
ing in a walking action when the manipulator lever is 
shifted from the movement stopping manipulated posi- 
tion to another manipulated position. While the legs are 
kept in the placed state, the consumption of electric en- 
ergy by the robot can be reduced. 
[0018] The predetermined condition for determining 
whether the legs are to make a stepping action or to be 
kept in the placed state may be indicated to the control 



means by the operator, using a switch on the manipula- 
tion unit. Alternatively, for example, the residual capacity 
of an electric energy storage device for operating the 
robot may be monitored, and the control means may au- 
5 tomatically select the predetermined condition depend- 
ing on the monitored residual capacity. 
[0019] Preferably according to the present invention, 
said plurality of manipulated positions include a prede- 
termined neutral manipulated position, and said control 
10 means comprises means for recognizing a displace- 
ment of said manipulator lever from said neutral manip- 
ulated position to other one of the manipulated positions 
and/or a time-dependent rate of change of the displace- 
ment, based on the output signal data from said manip- 
15 ulation unit, said control means generating said motion 
command to adjust a displacement or a moving speed 
of said biped robot depending on the recognized dis- 
placement and/or time-dependent rate of change of the 
displacement. 

[0020] If the manipulated positions include the move- 
ment stopping manipulated position as described 
above, then the movement stopping manipulated posi- 
tion and the neutral manipulated position may be the 
same manipulated position. 

[0021] With the above arrangement, by adjusting the 
displacement of the manipulator lever from the neutral 
manipulated position and the rate of change of the dis- 
placement (the moving speed of the manipulator), it is 
possible to adjust the displacement (stride) and the 
moving speed of the biped robot, thus increasing the 
manipuiability of the robot with the manipulation unit. 
[0022] Preferably according to the present invention, 
the remote controller further has placing detecting 
means for detecting when at least one of the legs is 
placed from a lifted state and outputting a detected sig- 
nal to said manipulation unit, said manipulation unit hav- 
ing indicating means for indicating the placing of said at 
least one of the legs depending on the detected signal. 
[0023] With the above arrangement, the operator of 
the manipulation unit can recognize the timing of the 
placing of each of the legs of the robot based on an in- 
dication from the indicating means, and hence can prop- 
erly manipulate the manipulator lever so as to match the 
actual motion of the robot. 

[0024] Preferably according to the present invention, 
furthermore, said control means is arranged to generate 
a plurality of different types of said motion commands 
with respect to at least some of said plurality of manip- 
ulated positions, said manipulation unit having manipu- 
lation mode designating means for selectively indicating 
the types of the motion commands to be generated by 
said control means, to said control means. 
[0025] With the above arrangement, the manipulation 
mode designating means can change a plurality of types 
of patterns of the walking action of the robot depending 
on the manipulation of the manipulation unit. Therefore, 
the operator of the manipulation unit can manipulate the 
walking action of the robot according to a manipulation 
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program, and command information given from the re- 
mote controller 22 through the communication device 
20, thereby to control operation of the robot A. The ECU 
1 9 also transmits the data of a detected signal from the 
ground sensor 1 2 through the communication device 20 5 
to the remote controller 22. 

[0037] In the description which follows, the leg 2 which 
is on the right side as viewed in the forward direction of 
the robot A is occasionally referred to as a right leg 2R, 
and the leg 2 which is on the left side as a left leg 2L 10 
(see FIG. 1) in order to distinguish the left and right legs 
2, 2 from each other. 

[0038] FIG. 3 shows major components of the remote 
controller 22 for remotely controlling the biped robot A 
to make a walking action on the legs 2, 2. As shown in is 
FIG. 3, the remote controller 22 has a manipulation unit 
23 which is held and manipulated by the operator and 
a communication device 25 connected to the manipula- 
tion unit 23 by a cable 24. The communication device 
25 cooperates with the communication device 20 of the 20 
robot A in exchanging information between the manip- 
ulation unit 23 and the ECU 1 9 of the robot A. The com- 
munication device 25 communicates with the communi- 
' cation device 20 of the robot A through an antenna 25a. 
[0039] The manipulation unit 23 has on its face a pair 25 
of (two) joystick-shaped manipulator levers 26, 26 for 
'commanding motions of the legs 2, 2 of the robot A, a 
leg stopping switch 27 for stopping the legs 2, 2 of the 
robot A, and a pair of indicating lamps 28. 28 as an in- 
dicating means for indicating when each leg 2 is placed. 30 
The manipulation unit 23 also has on its side face a ma- 
nipulation mode selector switch 29 (manipulation mode 
designating means) for selectively indicating either one 
of two predetermined manipulation modes. 
[0040] The manipulator levers 26, 26 are disposed in 35 
respective positions on left and right sides as viewed in 
the forward direction of the manipulation unit 23, and 
supported on respective balls 30 that are rotatably dis- 
posed in the manipulation unit 23. Each of the manipu- 
lator levers 26 is angularly movable in the fore-and-aft 40 
direction as indicated by the arrow P in FIG. 3 and also 
in the lateral or left-and-right direction as indicated by 
the arrow Q in FIG. 3, and is also rotatable about a ver- 
tical axis as indicated by the arrow R in FIG. 3, upon 
rotation of the ball 30. Each manipulator lever 26 is *s 
erected vertically on the face of the manipulation unit 
23, and is normally urged by springs (not shown) into a 
neutral manipulated position where a mark 26a applied 
to a peripheral edge of the upper end of the manipulator 
lever 26 faces forward of the manipulation unit 23. The so 
neutral manipulated position is a motion stop control po- 
sition according to the present invention. 
[0041 ] As with the manipulator levers 26, 26, the indi- 
cator lamps 28, 28 are disposed in respective positions 
on left and right sides on the face of the control unit 23g. 55 
When the right indicator lamp 28 is turned on, it indicates 
to the operator of the manipulation unit 23 that the right 
leg 2R of the robot A is placed from its lifted state. Sim- 



ilarly, when the left indicator lamp 28 is turned on, it in- 
dicates to the operator of the manipulation unit 23 that 
the left leg 2L of the robot A is placed from its lifted state. 
[0042] The manipulation modes designated by the 
manipulation mode selector switch 29 determine types 
(to be described in detail later on) of action patterns of 
the legs 2, 2 at the time the robot A walks under the 
control of the manipulator levers 26, 26. The manipula- 
tion modes include two manipulation modes, i.e., a basic 
manipulation mode for moving the legs 2, 2 of the robot 
A based on angular movement of the manipulator levers 
26, 26 in the fore-and-aft direction and the lateral direc- 
tion and rotation of the manipulator levers 26, 26 about 
the vertical axis as indicated, and a simple manipulation 
mode for moving the legs 2, 2 based on only angular 
movement of the manipulator levers 26, 26 in the fore- 
and-aft direction and the lateral direction. 
[0043] In the description which follows, the manipula- 
tor lever 26 which is on the right side as viewed in the 
forward direction of the manipulation unit 23 is occasion- 
ally referred to as a right manipulator lever 26R, and the 
manipulator lever 26 which is on the left side as a left 
manipulator lever 26L in order to distinguish the left and 
right manipulator levers 26, 26 from each other. Like- 
wise, the indicator lamp 28 which is on the right side is 
occasionally referred to as a right indicator lamp 28R, 
and the indicator lamp 28 which is on the left side as a 
left indicator lamp 2BL in order to distinguish the indica- 
tor lamps 28, 28 from each other. 
[0044] As shown in a block diagram shown in FIG. 4, 
the manipulation unit 23 houses therein a right manipu- 
lation detector 31 R for outputting a right manipulation 
signal representative of a manipulated position of the 
right manipulator lever 26R, a left manipulation detector 
31 L for outputting a left manipulation signal represent- 
ative of a manipulated position of the left manipulator 
lever 26L, a drive circuit 32 for energizing the indicator 
lamps 28R, 28L, and an input/output processing circuit 
33 connected to the communication device 25. To the 
input/output processing circuit 33, there are inputted 
manipulation signals from the manipulation detectors 
31 R, 31 L, an ON/OFF signal from the leg stopping 
switch 27, and a manipulation mode setting signal from 
the manipulation mode selector switch 29. To the input/ 
output processing circuit 33, there are also inputted de- 
tected data of the placing of the legs 2 (hereinafter re- 
ferred to as "placing detected data") from the ground 
sensors 1 2 on the legs 2 of the robot A through the com- 
munication device 25. 

[0045] Each of the manipulation detectors 31 R, 31 L 
comprises an encoder, a potentiometer, or the like, not 
shown in specific detail. Each of the manipulation de- 
tectors 31 R, 31 L output three manipulation signals in- 
cluding a fore-and-aft manipulation signal representa- 
tive of a manipulated position in the fore-and-aft direc- 
tion of the manipulator lever 26, a lateral manipulation 
signal representative of a manipulated position in the lat- 
eral direction of the manipulator lever 26, and an angular 
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manipulation signal representative of a manipulated po- 
sition about the vertical axis. Specifically, each of the 
manipulation detectors 31 R, 31 L outputs a signal de- 
pending on an angular movement in the fore-and-aft di- 
rection of the manipulator lever 26 from the neutral ma- 
nipulated position (a rotational angle about a lateral axis 
of the ball 30) and the direction of the angular movement 
(a rotational direction about the lateral axis of the ball 
30), as the fore-and-aft manipulation signal, and also 
outputs a signal depending on an angular movement in 
the lateral direction of the manipulator lever 26 from the 
neutral manipulated position (a rotational angle about a 
fore-and-aft axis of the ball 30) and the direction of the 
angular movement (a rotational direction about the fore- 
and-aft axis of the ball 30), as the lateral manipulation 
signal. Each of the manipulation detectors 31 R, 31 L also 
outputs a signal depending on an angular movement 
about the vertical axis from the neutral manipulated po- 
sition (a rotational angle about the vertical axis of the 
ball 30) and the direction of the angular movement, as 
the angular manipulation signal. 

[0046] The input/output processing circuit 33 succes- 
sively outputs manipulation signals from the manipula- 
tion detectors 31 R, 31 L. an ON/OFF signal from the leg 
stopping switch 27, and the data of a manipulation mode 
setting signal from the manipulation mode selector 
switch 29, to the communication device 25, which then 
transmit the supplied signals and data to the robot A. 
The input/output processing circuit 33 also controls the 
drive circuit 32 for energizing the indicator lamps 28R, 
28L depending on the placing detected data given from 
the robot A through the communication device 25. 
[0047] Operation of the remote controller according to 
the present embodiment will be described below. 
[0048] A basic process of controlling motions of the 
legs 2, 2 with the ECU 1 9 of the robot A will first be de- 
scribed below. In the present embodiment, the ECU 1 9 
of the robot A basically controls the electric motors for 
actuating the joints of the legs 2 ; 2 to alternately place 
and lift the legs 2, 2 at a timing in synchronism with a 
clock having a predetermined period, for thereby caus- 
ing the robot A to walk (move). 

[0049] According to the control process of the ECU 
1 9, a desired gait as a motion command which deter- 
mines a motion pattern of the legs 2 (leg motion pattern) 
at the time the robot A moves is generated based on the 
data of the right manipulation signal and the left manip- 
ulation signal (the data representative of the manipulat- 
ed positions of the manipulator levers 26 of the manip- 
ulation unit 23) which are given from the input/output 
processing circuit 33 of the manipulation unit 23 through 
the communication devices 25, 20. The desired gait 
comprises parameters determining the attitude of the 
upper body 1 and the positions and attitudes of the feet 
9 of the legs 2. The ECU 1 9 controls the electric motors 
for actuating the joints of the legs 2, 2 based on the gen- 
erated desired gait, thereby moving the legs 2, 2. 
[0050] In the present embodiment, the ECU 19 gen- 



erates a desired gait for two steps of the walking action 
of the robot A each time the robot A walks one step, i. 
e., each time the free leg 2 is placed. Specifically, a de- 
sired gait for one step is a desired gait which determines 
5 a motion of the legs 2 from the start of a two-leg support 
period where both the legs 2, 2 are placed until the end 
of a one-leg support period where one of the legs 2 is 
lifted (in the free leg), i.e., until a next two-leg support 
period begins. Therefore, a desired gait for two steps is 
10 made up of a desired gait (hereinafter referred to as 
"current time gait") from the start of a two-leg support 
period in the walking action of the robot A until the start 
of a next two-leg support period, and a desired gait 
(hereinafter referred to as "next time gair) from the start 
is of the next two-leg support period until the start of an- 
other next two-leg support period. 
[0051] The basic control process of the ECU 1 9 with 
respectto the generation of a desired gait (a current time 
gait and a next time gait) and the control of the motion 
of the legs 2 according to the desired gait will be de- 
scribed below with reference to FIGS. 5 and 6. 
[0052] The ECU 19 executes a processing sequence 
shown in a flowchart illustrated in FIG. 5 in predeter- 
mined control cycles (each in 10 ms. for example) to 
generate a desired gait (a current time gait and a next 
time gait) and control the motion of the legs 2 of the robot 
1. Specifically, the ECU 19 reads present manipulated 
positions of the manipulator levers 26 of the manipula- 
tion unit 23 from the data of the control signals that are 
given from the manipulation unit 23 through the commu- 
nication devices 25 : 20 in each control cycle (STEP 1). 
Then, the ECU 19 determines whether the present tim- 
ing is a timing to start a two-leg support period or not 
(STEP 2) . If the present timing is a timing to start a two- 
leg support period, then the ECU 1 9 obtains a next time 
gait that is presently generated (which is generated with- 
in a period from the start of a preceding two-leg support 
period to the start of a present two-leg support period) 
as a current time gait (STEP 3). The ECU 19 then gen- 
erates a next time gait depending on the present manip- 
ulated positions of the manipulator levers 26 which have 
been read in STEP 1 (STEP 4). Specific gait patterns 
depending on the manipulated positions of the manipu- 
lator levers 26 will be described later on. 
[0053] If the present timing is not a timing to start a 
two-leg support period in STEP 2, then the ECU 19 de- 
termines whether the present timing is a timing within a 
two-leg support period (a timing within a period imme- 
diately after the start of a two-leg support period and 
immediately before the end of the two-leg support peri- 
od) or not (STEPS). If the present timing is a timing with- 
in a two-leg support period, then the ECU 1 9 corrects a 
current time gait and a next time gait at the present time 
(more specifically, the placed positions and attitudes of 
the free leg 2 in the current time gait and the next time 
gait) depending on the present manipulated positions of 
the manipulator levers 26 (STEPS 6, 7). In this case, the 
placed positions and attitudes of the free leg 2 in the 
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current time gait and the next time gait are corrected, in 
principle, so as to correspond to the manipulated posi- 
tions of the manipulator levers 26. However, if the ma- 
nipulated positions of the manipulator levers 26 are 
changed to manipulated positions for quickly changing 
the present direction in which the robot A moves, then 
the placed positions and attitudes of the free leg 2 in the 
current time gait and the next time gait are corrected so 
as to keep the robot 1 stable in attitude. Since the current 
time gait in particular serves to determine a motion of 
the free leg 3 immediately after the present timing, the 
placed position and attitude of the free leg 2 in the cur- 
rent time gait are corrected so as to minimize a correc- 
tive quantity from the current time gait obtained in STEP 
3. 

[0054] If the present timing is not a timing within a two- 
leg support period in STEP 5, then the ECU 19 deter- 
mines whether the present timing is a timing to end a 
two-leg support period (a timing to start a one-leg sup- 
port period) or not (STEP 8). If the present timing is a 
timing to end a two-leg support period, then the ECU 1 9 
determines the current time gait at the present time as 
a final current time gait (STEP 9). The ECU 1 9 then cor- 
rects the next time gait at the present time depending 
on the manipulated positions of the manipulator levers 
26 as in STEP 7 (STEP 10). 

-[0055] If the present timing is not a timing to end a 
two-leg support period in STEP 8, i.e., if one of the legs 
3 is in a one-leg support period where it is lifted, then 
the ECU 19 corrects the next time gait at the present 
time depending on the manipulated positions of the ma- 
nipulator levers 26 as in STEP 7 (STEP 11). 
[0056] After having generated or corrected the current 
time gait and the next time gait as described (after hav- 
ing executed STEPS 4, 7, 10, 11), the ECU 19 controls 
the movement of the legs 3, 3 depending on the current 
time gait at the present time (STEP 12). 
[0057] FIG. 6 is a chronological representation of the 
control process which is carried out by the ECU 19 as 
described above while the robot 1 is walking. In FIG. 6, 
to, t1 ; ••• represent times, "D", "S" represent a two-leg 
support period and a one-leg support period, respective- 
ly, and "L", "R" represent the left leg 2L and the right leg 
2R ? respectively. Squiggled cells represent periods in 
which the leg 2L or the leg 2R is placed. "L" or "R M as- 
sociated with the same rows as those squiggled cells 
indicates that either one of the legs 2L, 2R is placed. For 
example, the squiggled cell in the period between times 
t3 and t7 represents that the left leg 2L is placed in that 
period. 

[0058] Stippled cells represent periods in which the 
current time gait is generated and corrected. "L" or "R" 
associated with the same rows as those stippled cells 
indicates the free leg 2L or 2R at the current time gait 
corresponding to the stippled cell in question. For ex- 
ample, the stippled cell in the period between times t3 - 
t4 represents that the current time gait with the right free 
leg 2R is generated and appropriately corrected in that 
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period. Hatched cells represent periods in which the 
next time gait is generated and corrected. "L" or "R u as- 
sociated with the same rows as those hatched cells in- 
dicates the free leg 2L or 2R at the next time gait corre- 
5 sponding to the hatched cell in question. For example, 
the hatched cell in the period between times t3 - 16 rep- 
resents that the next time gait with the left free leg 2L is 
generated and appropriately corrected in that period. 
[0059] At a time t6 (when the two-leg support period 

10 ts - 17 is started and the right leg 2R starts to be placed), 
for example, the ECU 1 9 obtains the next time gait (the 
desired gait with the left free leg 2L) generated and cor- 
rected in the period t3 - 16 immediately prior to the time 
t6, as -the current time gait which determines a leg mo- 

*5 tion pattern for the left leg 2L immediately after the time 
t6. The current time gait is appropriately corrected de- 
pending on the manipulated positions of the manipulator 
levers 26 until at time t7 when the left leg 2L starts to be 
lifted, and is determined at the time t7. The left free leg 

20 2L in the period t7 - 19 is moved (for the placed position 
and attitude of the left leg 2L at the time t9) based on 
the current time gait determined at the time t7. At the 
time t6, a next time gait with the right free leg 2R (a next 
time gait following the current time gait t6 - 19) is gener- 
is ated depending on the manipulated positions of the ma- 
nipulator levers 26. The generated next time gait is ap- 
propriately corrected depending on the manipulated po- 
sitions of the manipulator levers 26 until the actual mo- 
tion of the legs 3 based on the current time gait is ended 

30 (at the time t9 when the left leg 2L is placed from the 
lifted state). At the time t9, this next time gait then be- 
comes a current time gait for a period t9 - 112. 
[0060] According to the present embodiment, as de- 
scribed above, each time the robot A walks one step, a 

35 current time gait and a next time gait which serve as a 
desired gait for two steps are appropriately generated 
and corrected depending on the manipulated positions 
of the manipulator levers 26 of the manipulation unit 23, 
and the legs 3, 3 are controlled in motion based on the 

^o desired gait. 

[0061 ] Specific gait patterns of the legs 3, 3 controlled 
by the ECU 1 9 depending on the manipulated positions 
of the manipulator levers 26 of the manipulation unit 23 
will be described below. 

45 [0062] First, specific gait patterns in the case where 
the manipulation mode of the manipulation unit 23 is set 
to the basic manipulation mode by the manipulation 
mode selector switch 29 and the data representing the 
basic manipulation mode is given from the input/output 

so processing circuit 33 of the manipulation unit 23 through 
the communication devices 25, 20 to the ECU 1 9 of the 
robot A will be described below. 

[0063] With the manipulation mode of the manipula- 
tion unit 23 being set to the basic manipulation mode, 
55 the ECU 19 of the robot A determines each of the ma- 
nipulated position in the fore-and-aft direction, the ma- 
nipulated position in the lateral direction, and the ma- 
nipulated position about the vertical axes of each of the 
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manipulator levers 26 of the manipulation unit23 ? as be- 
ing classified into one of three types, based on the data 
of the manipulation signals that are given from the ma- 
nipulation unit 23 through the communication devices 
25, 20. 

[0064] Specifically, with respect to angular manipula- 
tion of each of the manipulator levers 26 in the fore-and- 
aft direction, the ECU 19 judges that the manipulator le- 
ver 26 is in the neutral manipulated position if an angular 
displacement of the manipulator lever 26 from the neu- 
tral manipulated position in the fore-and-aft direction is 
less than a predetermined displacement, and that a ma- 
nipulated position of the manipulator lever 26 is a for- 
ward manipulated position and a rearward manipulated 
position if an angular displacement of the manipulator 
lever 26 from the neutral manipulated position is equal 
to or greater than the predetermined displacement in the 
forward direction and equal to or greater than the pre- 
determined displacement in the rearward direction, re- 
spectively. 

[0065] The same judging process applies also with re- 
spect to angular manipulation of each of the manipulator 
levers 26 in the lateral direction and about the vertical 
-axis. The ECU 1 9 determines whether a manipulated 
position of each of the manipulator levers 26 in the lat- 
eral direction is the neutral manipulated position, a right- 
ward manipulated position, or a leftward manipulated 
position depending on whether or not an angular dis- 
placement of the manipulator lever 26 from the neutral 
manipulated position in the lateral direction is equal to 
or greater than a predetermined displacement. 
[0066] The ECU 19 also determines whether a ma- 
nipulated position of each of the manipulator levers 26 
about the vertical axis (hereinafter simply referred to as 
"rotationally manipulated position") is the neutral manip- 
ulated position, a clockwise turned position (hereinafter 
referred to as "rightward rotationally manipulated posi- 
tion"), or a counterclockwise turned position (hereinafter 
referred to as "leftward rotationally manipulated posi- 
tion") depending on whether or not an angular displace- 
ment of the manipulator lever 26 about the vertical axis 
(an angular displacement from the neutral manipulated 
position) is equal to or greater than a predetermined dis- 
placement clockwise or counterclockwise. 
[0067] Then, the ECU 1 9 moves the legs 2, 2 accord- 
ing to gait patterns shown in FIGS. 7, 8(a) through 8(d), 
9(a) through 9(d), and 10(a) through 10(d) depending 
on the manipulated positions of the manipulator levers 
26R, 26L of the manipulation unit 23. 
[0068] These figures schematically show motions of 
the feet 9 (as viewed in plan from above the robot A) 
chronologically successively from the left of the figures 
for first through third steps of the legs 2, 2 when the ma- 
nipulator levers 26R, 26L are manipulated into the illus- 
trated manipulated positions while the legs 2, 2 have 
been parallel to each other in the lateral direction and 
stepping in the same position or have been continuously 
placed (a state in which the robot A is not moving as 



described later on with reference to FIG. 5). In each of 
the figures, a blank foot 9 represents the foot 9 of the 
free leg 2, and a hatched foot 9 represents the foot 9 of 
the supporting leg 2. In each of the figures, "NEUTRAL", 

5 "FORWARD", "REARWARD", "RIGHTWARD", "LEFT- 
WARD", "TURNED RIGHTWARD", and "TURNED 
LEFTWARD" refer respectively to the neutral manipu- 
lated position, the forward manipulated position, the 
rearward manipulated position, the rightward manipu- 

io lated position, the leftward manipulated position, the 
rightward rotationally manipulated position, and the left- 
ward rotationally manipulated position, which have been 
described above. 

[0069] In the examples shown in FIGS. 7 - 10(a) 
is through 1 0(d), more specifically, prior to the timing to lift 
the left leg 2L (e.g., within the period from the times t3 
- 16 shown in FIG. 6), the manipulator levers 26R, 26L 
are shifted from the neutral manipulated position to the 
illustrated manipulated positions and are then steadily 
held in the manipulated positions, and the desired gait 
(the current time gait and the next time gait) is generated 
depending on the manipulated positions. 
[0070] The next time gait generated by the ECU 19 
prior to the start of a two-leg support period immediately 
before the left leg 2L is lifted (e.g.. the next time gait in 
the period t3 - 16 shown in FIG. 6) is corrected (updated) 
into a gait corresponding to the manipulated positions 
indicated in each of FIGS. 7 - 1 0(a) through 1 0(d) at the 
time the manipulator levers 26R, 26L are shifted to that 
manipulated position, and is then determined as the cur- 
rent time gait (the desired gait for the first step in each 
of FIGS. 7-1 0(a) through 10(d), the gait for moving the 
left free leg 2L) in the two-leg support period (e.g., t6 - 
t7 in FIG. 6) immediately before the left leg 2L is lifted. 
A next time gait newly generated from the start of a two- 
leg support period immediately before the left leg 2L is 
lifted for the first step (e.g., a next time gait in the period 
t6 - 19 in FIG. 6) is generated and maintained so as to 
correspond to the manipulated positions of the manipu- 
lator levers 26R, 26L indicated in each of FIGS. 7-10 
(a through 1 0(d), and becomes the current time gait (the 
desired gait for the second step in each of FIGS. 7-10 
(a) through 10(d), the gait for moving the right free leg 
2R) when the left leg 2L is placed after it has been lifted 
(e.g., at the timet9 in FIG. 6). Furthermore, a next time 
gait newly generated from the start of a two-leg support 
period immediately before the right leg 2R is lifted for 
the second step (e.g., a next time gait in the period t9 - 
t12 in FIG. 6) is generated and maintained so as to cor- 
respond to the manipulated positions of the manipulator 
levers 26R, 26L indicated in each of FIGS. 7 - 10(a) 
through 10(d), and becomes the current time gait (the 
desired gait for the third step in each of FIGS. 7 - 10(a) 
through 10(d), the gait for moving the left free leg 2L) 
when the right leg 2R is placed after it has been lifted 
(e.g., at the time t12 in FIG. 6). The generation of such 
a current time gait and a next time gait will subsequently 
be repeated steadily. 
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[0071 J The gait patterns shown in FIGS. 7 - 10(a) 
through 10(d) will be described in detail below. When 
both the manipulator levers 26R, 26L of the manipula- 
tion unit 23 are steadily shifted to the neutral manipulat- 
. ed positions as shown in FIG. 7 (it is assumed that the 
leg stopping switch 27 of the manipulation unit 23 is 
turned off), the ECU 19 generates a desired gait for 
keeping the feet 9, 9 of the legs 2L, 2R parallel to each 
other at a spaced interval in the lateral direction and re- 
peatedly lifting and placing them alternately in the same 
position, thus causing the legs 2L, 2R to make a step- 
ping action. In this state, the robot A does not move. 
[0072] While both the manipulator levers 26R, 26L of 
the manipulation unit 23 are being shifted to the neutral 
manipulated positions, when the leg stopping switch 27 
of the manipulation unit 23 is turned on and the data 
representing the turning-on of the leg stopping switch 
27 is given from the input/output processing circuit 33 
of the manipulation unit 23 through the communication 
devices 25 : 20 to the ECU 19 of the robot A, the ECU 
19 generates a desired gait for keeping the feet 9, 9 of 
both the legs 2L t 2R in a placed state parallel to each 
other in the lateral direction (hereinafter referred to as 
""parallel placed state"). The spaced interval between 
the feet 9, 9 in the lateral direction at this time is the 
same as the spaced interval between the feet 9, 9 at the 
lime when the feet 9, 9 of both the legs 2L, 2R are in the 
placed state in the stepping action. The stepping action 
of both the legs 2L, 2R is thus stopped from the time 
when both feet 9, 9 of the legs 2L, 2R are placed. 
[0073] While both the legs 2L 2R are being kept in 
the placed state, when the leg stopping switch 27 is 
turned off, the legs 2L, 2R start a stepping action again. 
As described above, while the legs 2L, 2R are in the 
stepping action, a current time gait and a next time gait, 
as described above, are generated as a desired gait for 
two steps each time one step of a walking action is 
made. For example, in a first step shown in FIG. 5, in a 
two-leg support period immediately before the left leg 
2L is operated as the free leg, a current time gait as a 
desired gait for the first step is generated and deter- 
mined. Then, a current time gait as a desired gait for a 
second step is generated in a period from the start of 
the two-leg support period until the left leg 2L is placed 
after it has been lifted. 

[0074] In the description which follows, the spaced in- 
terval between both the feet 9, 9 in the lateral direction 
in the above stepping action or in the parallel placed 
state will be referred to as a basic foot spacing. 
[0075] FIGS. 8(a) through 8(d) show basic patterns of 
walking actions of the robot A based on angular dis- 
placements of the manipulator levers 26R, 26L in the 
fore-and-aft direction. In this case, the placed position 
and attitude of the foot 9 of the left leg 2L with respect 
to the foot 9 of the right leg 2R in the fore-and-aft direc- 
tion for operating the left free leg 2L are determined de- 
pending on the manipulated position of the left manipu- 
lator lever 26L in the fore-and-aft direction (the forward 



manipulated position, the rearward manipulated posi- 
tion, or the neutral manipulated position). Similarly, the 
placed position and attitude of the foot 9 of the right leg 
2R with respect to the foot 9 of the left leg 2L in the fore- 
s and-aft direction for operating the right free leg 2R are 
determined depending on the manipulated position of 
the right manipulator lever 26R in the fore-and-aft direc- 
tion. 

[0076] For example, when the left manipulator lever 

10 26L and the right manipulator lever 26R are steadily 
shifted to the forward manipulated position, as shown in 
FIG. 8(a), the ECU 1 9 generates a current time gait and 
a next time gait in each step for placing the foot 9 of the 
left leg 2L in a position stepped forward a predetermined 

'5 distance from the foot 9 of the right leg 2R (this action 
corresponds to the left manipulator lever 26L shifted to 
the forward manipulated position) when the left leg 2L 
and the right leg 2R are operated as the free leg and the 
supporting leg, respectively (see a first step and a third 

20 step in FIG. 8(a)), and for placing the foot 9 of the right 
leg 2 R in a position stepped forward a predetermined 
distance from the foot 9 of the left leg 2L (this action 
corresponds to the right manipulator lever 26R shifted 
to the forward manipulated position) when the left leg 

25 2L and the right leg 2R are operated as the supporting 
leg and the free leg, respectively (see a second step in 
FIG. 8(a)). The robot A now walks forward according to 
the motion pattern of both the legs 2L, 2R shown in FIG. 
8(a). 

30 [0077] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the neutral manipulated posi- 
tion, respectively, as shown in FIG. 8(b), the ECU 19 
generates a desired gait (a current time gait and a next 
35 time gait) for two steps in each step for placing the foot 
9 of the left leg 2L in a position stepped forward a pre- 
determined distance from the foot 9 of the right leg 2R 
(this action is the same as the action in FIG. 8(a)) when 
the left leg 2L and the right leg 2R are operated as the 
40 free leg and the supporting leg, respectively (see a first 
step and a third step in FIG. 8(b)), and for placing the 
foot 9 of the right leg 2R in a position parallel to the foot 
9 of the left leg 2L at the basic foot spacing in the lateral 
direction (this action corresponds to the right manipula- 
tes tor lever 26R shifted to the neutral manipulated position) 
when the left leg 2L and the right leg 2R are operated 
as the supporting leg and the free leg, respectively (see 
a second step in FIG. 8(b)). The robot A now walks for- 
ward according to the pattern shown in FIG. 8(b). 
so [0078] The walking action shown in FIG. 8(b) takes 
place similarly as shown in FIG. 8(d) even when the left 
manipulator lever 26L and the right manipulator lever 
26R are shifted to the neutral manipulated position and 
the forward manipulated position, respectively. In this 
55 case, however, since the left manipulator lever 26L is 
shifted to the neutral manipulated position, when the left 
leg 2L is the free leg (a first step and a third step in FIG. 
8(d)), the foot 9 of the left leg 2L is moved to a position 
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4 parallel to the foot 9 of the right leg 2R at the basic foot 
spacing in the lateral direction. In FIG. 8(d), as the left 
leg 2L is the free leg in the first step, the robot A does 
not move forward in the first step. 
[0079] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the rearward manipulated po- 
sition, respectively, as shown in FIG. 8(c), the ECU 19 

• generates a desired gait (a current time gait and a next 
time gait) for two steps in each step for placing the foot 
9 of the left leg 2L in a position stepped forward a pre- 
determined distance from the foot 9 of the right leg 2R 
(this action is the same as the action in FIG. 8(a)) when 
the left leg 2L and the right leg 2R are operated as the 
free leg and the supporting leg, respectively (see a first 
step and a third step in FIG. 8(c)), and for placing the 
foot 9 of the right leg 2R in a position stepped rearward 
a predetermined distance from the foot 9 of the left leg 
2L when the left leg 2L and the right leg 2R are operated 
in the supporting leg and in the free phase, respectively 
(see a second step in . FIG. 8(c)). In this case, therefore, 
after the foot of the left free leg 2L is stepped forward in 
the first step, the legs 2L, 2R repeat their stepping action 
-while the fect 9, 9 arc being kept in their positional and 
attitudinal relationship in the fore-and-aft direction in the 
first step. 

[0080] In this manner, with respect to the angular ma- 
nipulation of the manipulator levers 26L, 26R in the fore- 
and-aft direction, depending on whether the left manip- 
ulator lever 26L is shifted to the forward, neutral, or rear- 
ward manipulated position, the placed position and at- 
titude in the fore-and-aft direction of the foot 9 of the left 
leg 2L with respect to the foot 9 of the right leg 2R are 
determined irrespective of the manipulated position of 
the right manipulator lever 26R in the fore-and-aft direc- 
tion when the left leg 2L is operated as the free leg. De- 
pending on whether the right manipulator lever 26R is 
shifted to the forward, neutral, or rearward manipulated 
position , the placed position and attitude in the fore-and- 
aft direction of the foot 9 of the right leg 2R with respect 
to the foot 9 of the left leg 2L are determined irrespective 
of the manipulated position of the left manipulator lever 
26L in the fore-and-aft direction when the right leg 2R 
is operated as the free leg. 

[0081] According to any one of the patterns shown in 
FIGS. 8(a) through 8(d), when both the manipulator le- 
vers 26L, 26R are continuously shifted to the same ma- 
nipulated positions, the actions in the second step and 
the third step are alternately repeated for fourth and sub- 
sequent steps. 

[0082] FIGS. 9(a) through 9(d) show patterns of walk- 
ing actions of the robot A based on angular displace- 
ments of the manipulator levers 26R, 26L in the lateral 
direction. In this case, the placed position and attitude 
of the foot 9 of the left leg 2L with respect to the foot 9 
of the right leg 2R in the lateral direction for operating 
the left leg 2L as the free leg are determined depending 
on the manipulated position of the left manipulator lever 
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26L in the lateral direction (the leftward manipulated po- 
sition, the rightward manipulated position, orthe neutral 
manipulated position). Similarly, the placed position and 
attitude of the foot 9 of the right leg 2R with respect to 

5 the foot 9 of the left leg 2L in the lateral direction for 
operating the right leg 2R as the free leg are determined 
depending on the manipulated position of the right ma- 
nipulator lever 26R in the lateral direction. 
[0083] For example, when the left manipulator lever 

10 26L and the right manipulator lever 26R are shifted to 
the rightward manipulated position, as shown in FIG. 9 

(a) , the ECU 1 9 generates a desired gait (a current time 
gait and a next time gait) for two steps in each step for 
placing the foot 9 of the left leg 2L in a position closer 

is rightward a predetermined distance to the foot 9 of the 
right leg 2R than the basic foot spacing (this action cor- 
responds to the left manipulator lever 26L shifted to the 
rightward manipulated position) when the left leg 2L and 
the right leg 2R are operated as the free leg and the 

20 supporting leg, respectively (see a first step and a third 
step in FIG. 9(a)), and for placing the foot 9 of the right 
leg 2R in a position farther rightward a predetermined 
distance from the foot 9 of the left leg 2L than the basic 
foot spacing (this action corresponds to the right manip- 

25 ulator lever PfiR shifted to the rightward manipulated po- 
sition) when the left leg 2L and the right leg 2R are op- 
erated as the supporting leg and the free leg, respec- 
tively (see a second step in FIG. 9(a)). The robot A now 
walks laterally rightward according to the motion pattern 

30 of both the legs 2L, 2R shown in FIG. 9(a). 

[0084] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the rightward 
manipulated position and the neutral manipulated posi- 
tion, respectively, as shown in FIG. 9(b), the ECU 19 

35 generates a desired gait (a current time gait and a next 
time gait) for two steps in each step for placing the foot 
9 of the left leg 2L in a position closer rightward a pre- 
determined distance to the foot 9 of the right leg 2R than 
the basic foot spacing (this action is the same as the 

40 action in FIG. 9(a)) when the left leg 2L and the right leg 
2R are operated as the free leg and the supporting leg, 
respectively (see a first step and a third step in FIG. 9 

(b) ), and for placing the foot 9 of the right leg 2R in a 
position parallel to the foot 9 of the left leg 2L at the basic 

45 foot spacing in the lateral direction (this action corre- 
sponds to the right manipulator lever 26R shifted to the 
neutral manipulated position) when the left leg 2L and 
the right leg 2R are operated as the supporting leg and 
the free leg, respectively (see a second step in FIG. 9 

50 (b)) . The robot A now walks laterally rightward according 
to the pattern shown in FIG. 9(b). 
[0085] The walking action shown in FIG. 9(b) takes 
place similarly as shown in FIG. 9(d) even when the left 
manipulator lever 26L and the right manipulator lever 

55 26R are shifted to the neutral manipulated position and 
the rightward manipulated position, respectively. In this 
case, however, since the left manipulator lever 26L is 
shifted to the neutral manipulated position, when the left 
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leg 2L is the free leg (a first step and a third step in FIG. 
9(d)), the foot 9 of the left leg 2L is moved to a position 
parallel to the foot 9 of the right leg 2R at the basic foot 
spacing in the lateral direction. In FIG. 9(d), as the left 
leg 2L is the free leg in the first step, the robot A does 
not move rightward in the first step. Furthermore, be- 
cause the right manipulator lever 26L is shifted to the 
rightward manipulated position , when the right leg 2R is 
the free leg (a second step in FIG. 9(d)), the foot 9 of 
the right leg 2R is moved rightward to a position spaced 
farther a predetermined distance from the foot 9 of the 
left leg 2L than the basic foot spacing. 
[0086] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the rightward 
manipulated position and the leftward manipulated po- 
sition, respectively, as shown in FIG. 9(c), the ECU 19 
generates a desired gait (a current time gait and a next 
time gait) for two steps in each step for placing the foot 
9 of the left leg 2L in a position closer laterally a prede- 
termined distance to the foot 9 of the right leg 2R than 
the basic foot spacing (this action is the same as the 
action in FIG. 9(a)) when the left leg 2L and the right leg 
2R are operated as the free leg and the supporting leg, 

- respectively (see a first step and a third step in FIG. 9 
(c)), and for placing the foot 9 of the right leg 2R in a 
position closer laterally a predetermined distance to the 

•foot 9 of the left leg 2L than the basic foot spacing (this 
action corresponds to the right manipulator lever 26R 
shifted to the leftward manipulated position) when the 
left leg 2L and the right leg 2R are operated as the sup- 
porting leg and the free leg, respectively (see a second 
step in FIG. 9(c)). In this case, therefore, after the foot 
of the left free leg 2L is brought closer laterally to the 
foot 9 of the right leg 2R in the first step, the legs 2L, 2R 
repeat their stepping action while the feet 9, 9 are being 
kept in their positional and attitudinal relationship in the 
lateral direction in the first step. 

[0087] In this manner with respect to the angular dis- 
placements of the manipulator levers 26L, 26R in the 
lateral direction, depending on whether the left manipu- 
lator lever 26L is shifted to the rightward, neutral, or left- 
ward manipulated position, the placed position and at- 
titude in the lateral direction of the foot 9 of the left leg 
2L with respect to the foot 9 of the right leg 2R are de- 
termined irrespective of the manipulated position of the 
right manipulator lever 26R in the lateral direction when 
the left leg 2L is operated as the free leg. Depending on 
whether the right manipulator lever 26R is shifted to the 
rightward, neutral, or leftward manipulated position, the 
placed position and attitude in the lateral direction of the 
foot 9 of the right leg 2R with respect to the foot 9 of the 
left leg 2L are determined irrespective of the manipulat- 
ed position of the left manipulator lever 26L in the lateral 
direction when the right leg 2R is operated as the free 
leg. 

[0088] According to any one of the patterns shown in 
FIGS. 9(a) through 9(d), when both the manipulator le- 
vers 26L. 26R are continuously shifted to the same ma- 



nipulated positions, the actions in the second step and 
the th ird step are alternately repeated for fourth and sub- 
sequent steps. 

[0089] FIGS. 10(a) through 10(d) show patterns of 
5 walking actions of the robot A based on rotations of the 
manipulator levers 26R, 26L. In this case, the placed 
position and attitude of the foot 9 of the left leg 2L with 
respect to the foot 9 of the right leg 2R in the rotational 
direction for operating the left leg 2L as the free leg are 
10 determined depending on the rotationally manipulated 
position of the left manipulator lever 26L (the leftward 
rotationally manipulated position, the rightward rotation- 
ally manipulated position, orthe neutral manipulated po- 
sition). Similarly, the placed position and attitude of the 
is foot 9 of the right leg 2R with respect to the foot 9 of the 
left leg 2L in the rotational direction for operating the 
right free leg 2R are determined depending on the rota- 
tionally manipulated position of the right manipulator le- 
ver 26R. 

20 [0090] For example, when the left manipulator lever 
26L and the right manipulator lever 26R are shifted to 
the rightward rotationally manipulated position, as 
shown in FIG. 10(a), the ECU 19 generates a desired 
gait (a current time gait and a next time gait) for two 
25 steps in each step for placing the foot 9 of the left leg 2L 
in a position turned a predetermined angular distance 
clockwise with respect to the foot 9 of the right leg 2R 
(this action corresponds to the left manipulator lever 26L 
shifted to the rightward rotationally manipulated posi- 
30 tion) when the left leg 2L and the right leg 2R are oper- 
ated as the free leg and the supporting leg, respectively 
(see a first step and a third step in FIG. 10(a)), and for 
placing the foot 9 of the right leg 2R in a position turned 
a predetermined angular distance clockwise with re- 
35 spect to the foot 9 of the left leg 2L (this action corre- 
sponds to the right manipulator lever 26R shifted to the 
rightward rotationally manipulated position) when the 
left leg 2L and the right leg 2R are operated as the sup- 
porting leg and the free leg, respectively (see a second 
step in FIG. 10(a)). The robot A now turns clockwise ac- 
cording to the motion pattern of both the legs 2L, 2R 
shown in FIG. 10(a). In this case, when the left leg 2L 
is in the sweeping phase, both the feet 9, 9 are of a pi- 
geon-toed attitude, and when the right leg 2R is in the 
^5 sweeping phase, both the feet 9, 9 are of a bandy-leg- 
ged attitude. 

[0091] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the rightward 
rotationally manipulated position and the neutral manip- 
ulated position, respectively, as shown in FIG. 1 0(b), the 
ECU 1 9 generates a desired gait (a current time gait and 
a next time gait) for two steps in each step for placing 
the foot 9 of the left leg 2L in a position turned a prede- 
termined angular distance clockwise with respect to the 
foot 9 of the right leg 2R (this action is the same as the 
action shown in FIG. 1 0(a)) when the left leg 2L and the 
right leg 2R are operated as the free leg and the sup- 
porting leg, respectively (see a first step and a third step 
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4 in FIG. 10(b)), and for placing the foot 9 of the right leg 
2R in a position parallel to the foot 9 of the left leg 2L at 
the basic foot spacing (this action corresponds to the 
right manipulator lever 26R shifted to the neutral manip- 
ulated position) when the left leg 2L and the right leg 2R 
are operated as the supporting leg and the free leg, re- 
spectively (see a second step in FIG. 10(b)). The robot 
A now turns clockwise according to the pattern shown 

- in FIG. 10(b). In this case, when the left leg 2L is in the 
sweeping phase, both the feet 9, 9 are of a pigeon-toed 
attitude, and when the right leg 2R is in the sweeping 
phase, both the feet 9, 9 are of an attitude where they 
are parallel to each other at the basic foot spacing. 
[0092] The walking action shown in FIG. 10(b) (the 
turning action of the robot A) takes place similarly as 
shown in FIG. 1 0(d) even when the left manipulator lever 
26L and the right manipulator lever 26R are shifted to 
the neutral manipulated position and the rightward rota- 
tionally manipulated position, respectively. In this case, 
however, since the left manipulator lever 26L is shifted 
to the neutral manipulated position, when the left leg 2L 
is the free leg (a first step and a third step in FIG. 1 0(d)), 
the foot 9 of the left leg 2L is moved to a position parallel 
to the foot 9 of the right leg 2R at the basic foot spacing. 
In FIG. 10(d). as the left leg 2L is the free leg in the first 
step, the robot A does not turn clockwise in the first step. 
Furthermore, because the right manipulator lever 26L is 
shifted to the rightward manipulated position, when the 
right leg 2R is the free leg (a second step in FIG. 1 0(d)), 
the foot 9 of the right leg 2R is turned clockwise with 
respect to the foot 9 of the left leg 2L, so that both the 
feet 9, 9 are of a bandy-legged attitude. 
[0093] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the rightward 
rotationally manipulated position and the leftward rota- 
tionally manipulated position, respectively, as shown in 
FIG. 1 0(c), the ECU 1 9 generates a desired gait (a cur- 
rent time gait and a next time gait) for two steps in each 
step for placing the foot 9 of the left leg 2L in a position 
turned a predetermined angular distance clockwise with 
respect to the foot 9 of the right leg 2R (this action is the 
same as the action shown in FIG. 10(a)) when the left 
leg 2L and the right leg 2R are operated as the free leg 
and the supporting leg, respectively (see a first step and 
a third step in FIG. 10(c)), and for placing the foot 9 of 
the right leg 2R in a position turned a predetermined an- 
gular distance counterclockwise with respect to the foot 
9 of the left leg 2L (this action corresponds to the right 
manipulator lever 26R shifted to the leftward rotationally 
manipulated position) when the left leg 2L and the right 
leg 2R are operated as the supporting leg and the free 
leg, respectively (see a second step in FIG. 10(c)). In 
this case, after the foot 9 of the left free leg 2L is turned 
clockwise with respect to the foot 9 of the right leg 2R 
so as to jointly form a pigeon-toed attitude in the first 
step, the legs 2L, 2R repeat their stepping action while 
the feet 9, 9 are being kept in their positional and attitu- 
dinal relationship in the rotational direction the first step. 
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Therefore, the robot A does not turn. 
[0094] In this manner, with respect to the rotations of 
the manipulator levers 26L, 26R, depending on whether 
the left manipulator lever 26L is shifted to the rightward 
5 rotationally, neutral, or leftward rotationally manipulated 
position, the placed position andattitude in the rotational 
direction of the foot 9 of the left leg 2L with respect to 
the foot 9 of the right leg 2R are determined irrespective 
of the rotationally manipulated position of the right ma- 
10 nipulator lever 26 R when the left leg 2L is operated as 
the free leg. Depending on whether the right manipulator 
lever 26R is shifted to the rightward rotationally, neutral, 
or leftward rotationally manipulated position, the placed 
position and attitude in the rotational direction of the foot 

is 9 of the right leg 2R with respect to the foot 9 of the left 
leg 2L are determined irrespective of the rotationally ma- 
nipulated position of the left manipulator lever 26L when 
the right leg 2R is operated as the free leg. 
[0095] According to any one of the patterns shown in 

20 FIGS. 10(a through 10(d), when both the manipulator 
levers 26L, 26R are continuously shifted to the same 
manipulated positions, the actions in the second step 
and the third step are alternately repeated for fourth and 
subsequent steps. 

25 [0096] As described above, when the manipulation 
mode of the manipulation unit 23 is set to the basic ma- 
nipulation mode by the manipulation mode selector 
switch 29, the robot A basically walks in the fore-and- 
aft direction, walks in the lateral direction (laterally 

30 walks), and turns in response to the manipulator levers 
26L 26R being angularly displaced in the fore-and-aft 
direction, angularly displaced in the lateral direction, and 
rotated . respectively. 

[0097] Specific gait patterns in the case where the 
35 manipulation mode of the manipulation unit 23 is set to 
the simple manipulation mode by the manipulation 
mode selector switch 29 and the data representing the 
simple manipulation mode is given from the input/output 
processing circuit 33 of the manipulation unit 23 through 
^0 the communication devices 25, 20 to the ECU 19 of the 
robot A will be described below. 

[0098] With the manipulation mode of the manipula- 
tion unit 23 being set to the simple manipulation mode, 
the ECU 19 of the robot A does not employ the data 
about rotations of the manipulator levers 26, of all the 
data of the manipulation signals given from the manip- 
ulation unit 23 through the communication devices 25, 
20, and does not take into account rotationally manipu- 
lated positions of the manipulator levers 26. The ECU 

50 19 employs only the data about the angular displace- 
ments of the manipulator levers 26 in the fore-and-aft 
direction and the lateral direction, of all the data of the 
manipulation signals, and determines only manipulated 
positions of the manipulator levers 26 of the manipula- 

55 tion unit 23 in fore-and-aft direction and the lateral di- 
rection, as being classified into one of three types, as 
with the basic manipulation mode. 
[0099] Controlling walking actions of the robot A de- 
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pending on how the manipulator levers 26L, 26R are 
manipulated in the simple manipulation mode is exactly 
the same as in the basic manipulation mode when both 
manipulator levers 26L, 26R are continuously shifted to 
the neutral manipulated positions and also when both 
manipulator levers 26L, 26R are continuously angularly 
displaced in the lateral direction. Specifically, when both 
manipulator levers 26L, 26R are continuously shifted to 
• the neutral manipulated position, if the leg stopping 
switch 27 is turned off, then the robot A makes the step- 
ping action shown in FIG. 7, and if the leg stopping 
switch 27 is turned on, the feet 9, 9 are in the parallel 
placed state in which they are kept placed at the basic 
foot spacing. When both manipulator levers 26L, 26R 
are continuously angularly displaced leftward or right- 
ward, the robot A walks laterally according to the pat- 
terns shown in FIGS. 9(a) through 9(d). 
[0100] In the simple manipulation mode, when the 
manipulator levers 26R, 26L are angularly displaced in 
the fore-and-aft direction, the robot A makes walking ac- 
tions in patterns shown in FIGS. 11(a) through 11(d). 
[0101] When both the left manipulator lever 26L and 
the right manipulator lever 26R are shifted to the forward 
-manipulated position, as shown in FIG. 11(a), the ECU 
19 generates a desired gait (a current time gait and a 
next time gait) for two steps in each step in exactly the 
same pattern as shown in FIG. 8(a) in the basic manip- 
ulation mode. The robot A thus walks forward. 
[0102] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the neutral manipulated posi- 
tion, respectively, as shown in FIG. 11(b), the ECU 19 
generates a desired gait (a current time gait and a next 
time gait) for two steps in each step for placing the foot 
9 of the left leg 2L in a position stepped forward a pre- 
determined distance and turned a predetermined angu- 
lar distance clockwise with respect to the foot 9 of the 
right leg 2R when the left leg 2L and the right leg 2R are 
operated as the free leg and the supporting leg, respec- 
tively (see a first step and a third step in FIG. 11(b)), and 
for placing the foot 9 of the right leg 2R in a position 
stepped forward a predetermined distance and turned 
a predetermined angular distance clockwise with re- 
spect to the foot 9 of the left leg 2L when the left leg 2L 
and the right leg 2R are operated as the supporting leg 
and the free leg, respectively (see a second step in FIG. 
1 1(b)). The robot A now walks forward and turns clock- 
wise according to the pattern shown in FIG. 11(b). 
[0103] The walking action shown in FIG. 11(b) takes 
place similarly as shown in FIG. 11(d) even when the 
left manipulator lever 26L and the right manipulator lever 
26R are shifted to the neutral manipulated position and 
the forward manipulated position, respectively. In this 
case, however, since the left manipulator lever 26L is 
shifted to the neutral manipulated position and the right 
manipulator lever 26R is shifted to the forward manipu- 
lated position, in a first step and a third step where the 
left leg 2L is the free leg, the foot 9 of the left leg 2L is 
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placed in a position stepped forward a predetermined 
distance and turned a predetermined angular distance 
counterclockwise with respect to the foot 9 of the right 
leg 2R, and in a second step where the right leg 2R is 
5 the free leg, the foot 9 of the right leg 2R is placed in a 
position stepped forward a predetermined distance and 
turned a predetermined angular distance counterclock- 
wise with respect to the foot 9 of the left leg 2L. The 
robot A now walks forward and turns counterclockwise. 
10 [0104] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the rearward manipulated po- 
sition, respectively, as shown in FIG. 11 (c), the ECU 19 
generates a desired gait (a current time gait and a next 

is time gait) for two steps in each step for placing the foot 
9 of the left leg 2L in a position turned a predetermined 
angular distance clockwise with respect to the foot 9 of 
the right leg 2R when the left leg 2L and the right leg 2R 
are operated as the free leg and the supporting leg, re- 

20 spectively (see a first step and a third step in FIG. 11 
(c)), and for placing the foot 9 of the right leg 2R in a 
position turned a predetermined angular distance clock- 
wise with respect to the foot 9 of the left leg 2L when the 
left leg 2L and the right leg 2R are operated as the sup- 

2S porting leg and the free leg, respectively (see a second 
step in FIG. 11(c)). The robot A now turns clockwise 
while staying in substantially the same position accord- 
ing to the pattern shown in FIG. 11(c). 
[0105] In the simple manipulation mode, the manipu- 

30 tator levers 26L.26R of the manipulation unit 23 are an- 
gularly moved in the fore-and-aft direction to cause the 
robot A to walk in the fore-and-aft direction and also in 
the rotational direction. The manipulator levers 26L, 26R 
of the manipulation unit 23 are angularly moved in the 

35 lateral direction to cause the robot A to walk in the lateral 
direction (to walk laterally), as in the basic manipulation 
mode. 

[0106] In the simple manipulation mode, when the 
manipulator levers 26L, 26R of the manipulation unit 23 

40 are angularly moved in the fore-and-aft direction, the 
placed positions and attitudes of the free legs 2L, 2R 
with respect to those supporting legs are not determined 
solely based on the manipulated positions of the manip- 
ulator levers 26L, 26R : but are determined based on a 

45 combination of the manipulated positions of the manip- 
ulator levers 26L, 26R in the fore-and-aft direction. 
[0107] In the present embodiment, in either one of the 
basic manipulation mode and the simple manipulation 
mode, when the left leg 2L is placed from its lifted state, 

so except in the parallel placed stated, the placing of the 
left leg 2L is detected by the ground sensor 12 on the 
foot 9 of the left leg 2L, and the detected data is given 
through the ECU 1 9 and the communication devices 20, 
25 to the input/output processing circuit 33 of the ma- 

55 nipuJation unit 23. At this time, the input/output process- 
ing circuit 33 causes the drive circuit 32 to temporarily 
energize the left indicator lamp 28L of the manipulation 
unit 23. Similarly, when the right leg 2R is placed from 
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its lifted state, the placing of the right leg 2R is detected 
by the ground sensor 12 on the foot 9 of the right leg 
2R, and the detected data is given to the input/output 
processing circuit 33. At this time, the input/output 
processing circuit 33 temporarily energizes the right in- 
dicator lamp 28R of the manipulation unit 23. Thus, the 
placing of the legs 2L, 2R is indicated to the operator by 
the energization of the corresponding indicator lamps 
28L, 28R of the manipulation unit 23. 
[0108] In the above description, each of the manipu- 
lator levers 26 is manipulated in one of the fore-and-aft 
direction, the lateral direction, and the rotational direc- 
tion. With the remote controller according to the present 
embodiment, when each of the manipulator levers 26 is 
manipulated in a combination of the fore-and-aft direc- 
tion, the lateral direction, and the rotational direction, the 
legs 2, 2 of the robot A are operated in a pattern repre- 
senting a combination of gaits based on the manipula- 
tions of the manipulator levers 26 in the fore-and-aft di- 
rection, the lateral direction, and the rotational direction. 
[0109] For example, in the basic manipulation mode, 
when the left manipulator lever 26L is shifted to the for- 
ward manipulated position, the leftward manipulated po- 
-sition, and the leftward rotationally manipulated posi- 
tion, and the right manipulator lever 26R is continuously 
shifted to the neutral manipulated position, the legs 2L, 
2R are operated according to a gait shown in FIG. 12. 
Specifically, the ECU 1 9 generates a desired gait (a cur- 
rent time gait and a next time gait) in each step for plac- 
ing the foot 9 of the left leg 2L in a position and an atti- 
tude displaced predetermined distances in the forward 
direction, the leftward direction, and the counterclock- 
wise rotational direction with respect to the foot 9 of the 
right leg 2R for a first step and a third step where the left 
leg 2L is the free leg (this action corresponds to the ma- 
nipulated position of the left manipulator lever 26L), and 
for placing the foot 9 of the right leg 2R in a position and 
an attitude parallel to the foot 9 of the left leg 2L at the 
basic foot spacing in the lateral direction for a second 
step where the right leg 2R is the free leg (this action 
corresponds to the manipulated position (neutral manip- 
ulated position) of the right manipulator lever 26R). 
[0110] When each manipulator lever 26 is manipulat- 
ed in a combined pattern in the fore-and-aft direction, 
the lateral direction, and the rotational direction in the 
basic manipulation mode, the gait of the left leg 2L at 
the time it is the free leg is a combination of the gait 
corresponding to the manipulated position of the left ma- 
nipulator lever 26L in the fore-and-aft direction, the gait 
corresponding to the manipulated position thereof in the 
lateral direction, and the gait corresponding to the ma- 
nipulated position thereof in the rotational direction. 
Likewise, the gait of the right leg 2R at the time it is the 
free leg is a combination of the gait corresponding to the 
manipulated position of the right manipulator lever 26R 
in the fore-and-aft direction, the gait corresponding to 
the manipulated position thereof in the lateral direction, 
and the gait corresponding to the manipulated position 
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thereof in the rotational direction. 
[0111] The gait patterns with respect to the manipu- 
lated positions of the manipulator levers 26R, 26L as 
described above are basic gait patterns which are 
5 achieved when the manipulator levers 26R, 26L are kept 
steadily in the same manipulated positions. In this case, 
a desired gait (a current time gait and a next time gait) 
generated by the ECU 1 9 in each step is also of a steady 
nature. An example in which the manipulated positions 

10 of the manipulator levers 26R, 26L are changed while 
the robot A is making a steady walking action will be 
described below with reference to FIG. 13. 
[0112] Referring to FIG. 13, feet 9 which are shown 
stippled represent motions of the feet 9 of the legs 2R, 

is 2L (placed positions and attitudes of the feet 9 of the 
legs 2R, 2L as they step) when the manipulation mode 
of the manipulation unit 23 is set to the basic manipula- 
tion mode and both the left manipulator lever 26L and 
the right manipulator lever 26R are continuously shifted 

20 to the forward manipulated position and the leftward ro- 
tationally manipulated position. FIG. 13 is plotted so as 
to correspond to FIG. 6, and to, t1 , ... in FIG. 13 repre- 
sent the times shown in FIG. 6. Encircled numerals® - 
® correspond to encircled numerals applied to the 

25 squiggled cells which represent the periods in which the 
legs 2R, 2L are placed in FIG. 6. For example, the stip- 
pled foot 9 indicated by® represent the placed position 
and attitude of the foot 9 of the left leg 2L which is placed 
in the period t3 - 17 in FIG. 6. The other feet 9 shown in 

30 FIG. 1 3 similarly represent other positions and attitudes 
of the feet. 

[0113] In the basic manipulation mode, when both the 
left manipulator lever 26Landthe right manipulator lever 
26Rare continuously shifted to the forward manipulated 

35 position and the leftward rotationally manipulated posi- 
tion (hereinafter referred to as "forward/leftward rota- 
tionally manipulated position"), the robot A turns (turns 
counterclockwise) along the dot-and-dash line indicated 
by the arrow a as represented by the stippled feet 9. In 

^o this case, each of a current time gait and a next time gait 
in each step is maintained as a gait for moving and turn- 
ing the foot 9 of the free leg 2R or 2L a predetermined 
distance forward and a predetermined angular distance 
counterclockwise, respectively, with respect to the foot 

^5 9 of the supporting leg 2L or 2R, and then placing the 
foot 9 of the free leg 2R or 2L. 

[01 14] In FIG. 1 3, feet 9 which are shown hatched and 
feet 9 which are shown by broken lines represent gaits 
where both the left manipulator lever 26L and the right 

50 manipulator lever 26R are changed from the forward/ 
leftward rotationally manipulated position to the forward 
manipulated position and the rightward rotationally ma- 
nipulated position (hereinafter referred to as "forward/ 
rightward rotationally manipulated position") in the peri- 

55 od to - 14 in which the foot 9 of the left leg 2L is placed, 
and thereafter remain shifted to the forward/rightward 
rotationally manipulated position, as with the feet 9 
which are shown stippled. The forward/rightward rota- 
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tionally manipulated position is a manipulated position 
for turning the robot A clockwise, opposite to the turning 
motion of the feet 9 shown stippled. The feet 9 shown 
hatched represent foot motions when the manipulated 
positions of both the manipulator levers 26L, 26R are s 
changed from the forward/leftward rotationally manipu- 
lated position to the forward/rightward rotationally ma- 
nipulated position immediately prior to the time t1 , for 
example, and the feet 9 shown by broken lines represent 
foot motions when the manipulated positions of both the 10 
manipulator levers 26L, 26R are changed from the for- 
ward/leftward rotationally manipulated position to the 
forward/rightward rotationally manipulated position at 
the time t3, for example. 

[0115] Foot motions when the manipulated positions *5 
of both the manipulator levers 26L, 26R are changed 
immediately prior to the time t1 will first be described 
below, in this case, the ECU 19 attempts to correct the 
current time gait (the gait with the left free leg 2L) and 
the next time gait (the gait with the right free leg 2R) at 20 
the time when the manipulated positions of both the ma- 
nipulator levers 26L, 26R are changed, according to the 
control sequence of the flowchart shown in FIG. 5. The 
-current time gait at the time when the manipulated po- 
sitions of both the manipulator levers 26L, 26 R are 25 
changed is a gait (which is in conformity with the next 
•time gait immediately prior to the time tO) for moving the 
foot 9 of the left leg 2L to the position and attitude at© 
in FIG. 13 at the time t3 in order to turn the robot A coun- 
terclockwise. The time when the manipulated positions 30 
of both the manipulator levers 26L, 26R are changed 
represents a state immediately before the left leg 2L is 
about to step toward the stippled position and attitude 
at© while moving the center of gravity of the robot A 
leftward, in order to turn the robot A counterclockwise. 35 
Therefore, if the current time gait at the time when the 
manipulated positions of both the manipulator levers 
26L, 26R are changed is changed to a gait correspond- 
ing to the forwaraVrightward rotationally manipulated po- 
sition which is a new manipulated position : then the 40 
center of gravity of the robot A moves excessively, tend- 
ing to bring the attitude of the robot A out of balance. In 
this case, consequently, the ECU 1 9 does not substan- 
tially correct the current time gait, but keeps the current 
time gait (a gait corresponding to the forward/leftward 
rotationally manipulated position. As a result, in the pe- 
riod t3 - 17, the placed position and attitude of the right 
leg 2R which is placed become the same position and 
attitude (the stippled position and attitude at © ) as 
when the manipulated position is the forward/leftward so 
rotationally manipulated position. 

[0116] In the above example, the ECU 19 does not 
correct the current time gait because the manipulated 
positions are changed from the forward/leftward rota- 
tionally manipulated position to the forward/rightward 55 
rotationally manipulated position immediately prior to 
the time t1 . However, if the manipulated positions are 
changed to the forward/rightward rotationally manipu- 



lated position immediately after the time to, the ECU 19 
corrects the current time gait depending on the changed 
manipulated position insofar as the stability of the atti- 
tude of the robot A can be maintained. For example, the 
ECU 1 9 corrects the current time gait for correcting the 
placed position and attitude of the foot 9 of the left leg 
2L at the time t3 so as to be slightly rightward (downward 
in FIG. 13) from the stippled foot 9 at© in FIG. 13 with 
respect to the direction in which the robot A moves for- 
ward. 

[0117] The next time gait at the time when the manip- 
ulated positions are changed (within the period to - 11) 
is a gait for moving the foot 9 of the right leg 2R to the 
stippled position and attitude at© in FIG. 13 after the 
foot 9 of the left leg 2L has been moved according to the 
current time gait in order to turn the robot A counter- 
clockwise. The time when the manipulated positions are 
changed in this case is a timing before the foot 9 of the 
left leg 2L to be placed in the position© in FIG. 13 ac- 
cording to the current time gait steps forward. Therefore, 
even if the next time gait at the time when the manipu- 
lated positions are changed is changed to a gait corre- 
sponding to the forward/rightward rotationally manipu- 
lated position which is a new manipulated position, it is 
possible to maintain the stability of the attitude of the 
robot A with a margin. In this case, therefore, the ECU 
19 corrects the next time gait into a gait corresponding 
to the forward/rightward rotationally manipulated posi- 
tion which is a new manipulated position. The next time 
gait corresponding to the forward/rightward rotationally 
manipulated position represents a position and attitude 
(the hatched position and attitude at© in FIG. 13) 
where the foot 9 of the right leg 2R has been moved a 
predetermined distance forward and turned a predeter- 
mined angular distance clockwise with respect to the 
foot 9 of the left leg 2L which is placed in the period t3 
- 17. This next time gait directly becomes the current time 
gait at ht time t3 (when the left leg 2L starts to be placed) . 
As a result, the foot 9 of the left leg 2L which is to be 
placed in the period t6-t1 0 is placed at the hatched po- 
sition and attitude at® in FIG. 13. 
[01 18] Thereafter, since the manipulated positions of 
the manipulator levers 26L, 26R are kept as the forward/ 
rightward rotationally manipulated position, each of a 
current time gait and a next time gait in each step is 
maintained as a gait for moving and turning the foot 9 
of the free leg 2R or 2L a predetermined distance for- 
ward and a predetermined angular distance clockwise, 
respectively, with respect to the foot 9 of the supporting 
leg 2L or 2R, and then placing the foot 9 of the free leg 
2R or 2L (see the hatched feet 9 at® , @ in FIG. 1 3). 
[0119] Therefore, when the manipulated positions of 
the manipulator levers 26L, 26R are changed as de- 
scribed above in the period tO - 11 , the robot A moves 
along the dot-and-dash line b in FIG. 13. 
[01 20] When the manipulated positions of the manip- 
ulator levers 26L, 26R are changed from the forward/ 
leftward rotationally manipulated position to the forward/ 
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rightward rotationally manipulated position at the time 
t3, the current time gait at the time when the manipulated 
positions are changed (when the foot 9 of the right leg 
2R starts to be placed in the position© in FIG. 13) be- 
comes a next time gait generated immediately prior to 
that time according to the control sequence of the flow- 
chart shown in FIG. 5. Therefore, at the time when the 
manipu lated positions are changed, the cu rrent time gait 
- becomes a gait for placing the foot 9 of the left leg 2L at 
the stippled position and attitude at® in FIG. 13. The 
ECU 1 9 then attempts to correct the current time gait 
depending on the forward/rig htward rotationally manip- 
ulated position which is a new manipulated position in 
the period t3 - 14. 

[0121] The time when the manipulated positions are 
changed is a time at which the left leg 2L starts to be 
placed at the position and attitude at® in FIG. 13, and 
a time immediately before the right leg 2R to be the free 
leg next time starts being lifted. Therefore, the center of 
gravity of the robot A can somewhat be moved to allow 
the robot A to turn clockwise. However, if the foot 9 of 
the right leg 2R is to be placed at an intrinsic position 
and attitude corresponding to the forward/rightward ro- 
tationally manipulated position according to the current 
time gait, then the stability of the attitude of the robot A 
tends to be impaired. In this case, the ECU 19 gener- 
ates, in the period t3 - 14, a placed position and attitude 
at the current time gait for the foot 9 of the right leg 2R 
so as to be closerto the placed position and attitude (the 
stippled position and attitude® in FIG. 13) at the cur- 
rent time gait for the foot 9 of the right leg 2R at the time 
when the manipulated positions are changed, than the 
intrinsic position and attitude corresponding to the for- 
ward/rightward rotationally manipulated position. For 
example, the ECU 19 corrects the current time gait to 
equalize the placed position and attitude of the right leg 
2R which is to be placed in the period t6 - t10, to the 
broken-line position and attitude at© in FIG. 13. Spe- 
cifically, the ECU 19 generates a current time gait for 
turning and moving the foot 9 of the right leg 2R with 
respect to the foot 9 of the left leg 2L (indicated at® ) 
by an angular distance smaller than an intrinsic prede- 
termined angular distance corresponding to the forward/ 
rightward rotationally manipulated position, and by a 
predetermined distance forward, respectively, and then 
placing the foot 9 of the right leg 2R. 
[0122] In this case, since the time when the manipu- 
lated positions are changed is the time t3 (the time to 
start the two-leg support period), the ECU 1 9 generates 
a next time gait so as to correspond to the new manip- 
ulated position (the forward/rightward rotationally ma- 
nipulated position). Specifically, the ECU 19 generates 
a next time gait for moving and turning the foot 9 of the 
left leg 2L to be placed in the period t9 - 11 3 by a prede- 
termined distance forward and by a predetermined an- 
gular distance clockwise, respectively, with respect to 
the foot 9 of the right leg 2R to be placed in the period 
t6 - 110, and then placing the foot 9 of the left leg 2L. 



Because the current time gait at time when the manip- 
ulated positions are changed is a gait for placing the 
right leg 2R in the stippled position and attitude at® , 
the next time gait at time when the manipulated posi- 

5 tions are changed becomes a gait for placing the left leg 
2L in the stippled position and attitude at® in FIG. 13. 
When the current time gait is corrected into the gait for 
placing the right leg 2R in the broken-line position and 
attitude at© in FIG. 13, the next time gait is corrected 

10 into the gait for placing the left leg 2L in the broken-line 
position and attitude at® in FIG. 13. 
[0123] Thereafter, since the manipulated positions of 
the manipulator levers 26L, 26R are kept as the forward/ 
rightward rotationally manipulated position, each of a 

'5 current time gait and a next time gait in each step is 
maintained as a gait for moving and turning the foot 9 
of the free leg 2R or 2L a predetermined distance for- 
ward and a predetermined angular distance clockwise, 
respectively, with respect to the foot 9 of the supporting 

20 leg 2L or 2R, and then placing the foot 9 of the free leg 
2R or 2L (see the hatched foot 9 at® in FIG. 13). 
[0124] Consequently, when the manipulated posi- 
tions of the manipulator levers 26L, 26R are changed, 
the robot A moves along the dot-and-dash line c in FIG. 

25 13. 

[0125] The changing of the gaits as described above 
with reference to FIG. 13 is also carried out similarly 
when the manipulation mode of the manipulation unit 23 
is set to the simple manipulation mode. 
30 [0126] With the remote controller according to the 
present embodiment, the robot A can be controlled to 
walk in the fore-and-aft direction, the lateral direction, 
and the rotational direction by simple manipulations of 
the manipulation unit 23. 

[0127] In the basic manipulation mode, since a pat- 
tern of walking actions for two steps can be given to the 
ECU 1 9 by the manipulated positions of the manipulator 
levers 26L, 26R, the ECU 19 can generate a desired 
gait for two steps which matches the manipulated posi- 
tions of the manipulator levers 26L, 26R. Specifically, 
depending on which manipulated position the left ma- 
nipulator lever 26L is shifted to, the placed position and 
attitude of the foot 9 of the left leg 2L with respect to the 
foot 9 of the right leg 2R are determined irrespective of 
the manipulated position of the right manipulator lever 
26R when the left leg 2L is operated as the free leg. 
Depending on which manipulated position the right ma- 
nipulator lever 26R is shifted to, the placed position and 
attitude of the foot 9 of the right leg 2R with respect to 
the foot 9 of the left leg 2L are determined irrespective 
of the manipulated position of the left manipulator lever 
26L when the right leg 2R is operated as the free leg. 
Therefore, the manipulated positions of the manipulator 
levers 26L, 26R are independently indicative of indicat- 
ing a gait for each step. Consequently, a current time 
gait and a next time gait, which are a desired gaitfortwo 
steps, can be generated so as to match the manipulated 
positions of the manipulator levers 26L, 26R. As a result, 
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the matching between the manipulated positions of the 
manipulator levers 26L 26R of the manipulation unit 23 
and the actual walking action of the robot A is increased, 
thus increasing the manipulability of the robot A. 
[0128] By generating a desired gait for two steps (a 
current time gait and a next time gait), the desired gait 
can be generated such that the center of gravity of the 
robot A is present at a position for maintaining a stable 
attitude of the robot A, allowing the robot A to walk at a 
stable attitude. By generating a desired gait for two 
steps, furthermore, the operator may basically deter- 
mine a walking pattern for the robot A and hence ma- 
nipulated positions for the manipulation levers 26 for 
each two-step motion. Therefore, the operator can suf- 
ficiently control a walking action of the robot A, and 
hence easily control a walking action of the robot A. 
[01 29] Since the placing of the legs 2L, 2R is indicated 
by the corresponding indicator lamps 28L, 28R, the op- 
erator can operate the manipulator levers 26L, 26R at 
a timing which matches an actual motion of the robot A, 
and hence can operate the manipulation unit 23 well. 
[0130] With the manipulator levers 26L, 26R being 
shifted to the neutral manipulated position, the legs 2, 2 
-can be brought into the parallel placed state and their 
actions can be stopped by turning on the leg stopping 
switch 27. Consequently, the electric energy stored in 
-the electric energy storage device 17 mounted on the 
robot A is prevented from being unduly wasted. In the 
parallel placed state, the leg stopping switch 27 may be 
turned off to cause the legs 2, 2 to make a stepping ac- 
tion as required. 

[0131] Furthermore, inasmuch as the types of pat- 
terns of walking actions of the robot A depending on the 
operation of the manipulator levers 26, 26 can be 
changed by the manipulation mode selector switch 29 
of the manipulation unit 23, the operator can manipulate 
the robot A in a pattern which matches the operator's 
preferences. 

[01 32] A remote controller for a biped robot according 
to a second embodiment of the present invention will be 
described below. The remote controller according to the 
second embodiment is structurally identical to the re- 
mote controller according to the first embodiment, but 
differs therefrom only with respect to a portion of the 
control process of the ECU 19. Structural parts of the 
remote controller are denoted by reference characters 
which are identical to those shown in FIGS. 1 through 
4, and will not be described below. 
[0133] According to the present embodiment, when 
the manipulation mode of the manipulation unit 23 is set 
to the basic manipulation mode, as with the first embod- 
iment, the ECU 19 of the robot A not only determines 
each of the manipulated position in the fore-and-aft di- 
rection, the manipulated position in the lateral direction, 
and the manipulated position about the vertical axes of 
each of the manipulator levers 26 of the manipulation 
unit 23, as being classified into one of three types : based 
on the data of the manipulation signals that are given 



from the manipulation unit 23, but also monitors forward 
angular displacements, rearward angular displace- 
ments, rightward angular displacements, and leftward 
angular displacements of the manipulator levers 26 from 

5 the neutral manipulated position in the forward manipu- 
lated position, the rearward manipulated position, the 
rightward manipulated position, and the leftward manip- 
ulated position. The ECU 1 9 also monitors clockwise ro- 
tational displacements and counterclockwise rotational 

io displacements of the manipulator levers 26 from the 
neutral manipulated position in the rightward rotationally 
manipulated position and the leftward rotationally ma- 
nipulated position of the manipulator levers 26 (the an- 
gular displacements and the rotational displacements 

15 will hereinafter be referred to collectively as "manipulat- 
ed displacements"). 

[0134] According to the present embodiment, the ro- 
bot A is controlled to make a walking action in the fore- 
and-aft direction when the manipulator levers 26, 26 are 

20 shifted in the fore-and-aft direction, the robot A is con- 
trolled to make a walking action in the lateral direction 
when the manipulator levers 26, 26 are shifted in the 
lateral direction, and the robot A is controlled to make a 
turn when the manipulator levers 26, 26 are rotated, as 

25 with the first embodiment. The basic process (the 
processing sequence of the flowchart shown in FIG. 5) 
for generating and correcting a current time gait and a 
next time gait is also the same as with the first embod- 
iment. In each of the walking actions; the displacement 

30 of the robot A in each step (the displacement of the foot 
9 of the free leg 2R or 2L in each of the current time gait 
and the next time gait is adjusted depending on the ma- 
nipulated displacements of the manipulator levers 26. 
The legs 2, 2 move in the same manner as with the first 

35 embodiment while the manipulator levers 26 are shifted 
to the neutral manipulated position. Specifically, when 
the leg stopping switch 27 is turned off, the legs 2, 2 
make a stepping action as shown in FIG. 7, and when 
the leg stopping switch 27 is turned on, the legs 2, 2 stop 

40 their stepping action, and are brought into the parallel 
placed state. 

[01 35] Specific examples of walking actions of the ro- 
bot A according to the present embodiment, particularly 
walking actions of the robot A when the manipulator le- 

4 5 vers 26, 26 are angularly moved in the fore-and-aft di- 
rection, will be described below with reference to FIGS. 
14(a) through 14(d). FIGS. 14(a) through 14(d) sche- 
matically show motions of the feet 9 chronologically suc- 
cessively from the left of the figures for first through third 

50 steps of the legs 2, 2 when the manipulator levers 26R, 
26L are manipulated into the illustrated manipulated po- 
sitions and kept in the manipulated positions while the 
legs 2, 2 have been parallel to each other in the lateral 
direction and stepping in the same position or have been 

55 in the parallel placed state, as with the examples shown 
in FIGS. 8(a)8(d) through 10(a) - 10(d). 
[0136] FIG. 1 4(a) shows a gait of a walking action of 
the robot A where both the left manipulator lever 26L 



17 

<EP 1 34461 3A1_I_> 



33 



EP 1 344 613 A1 



34 



and the right manipulator lever 26R are shifted to the 
forward manipulated position and kept in the forward 
manipulated position. In FIG. 14(a), the feet 9. 9 indicat- 
ed by the broken lines represent positions correspond- 
ing to the manipulator levers 26R, 26L as they are an- 
gularly moved forward by a maximum manipulated dis- 
placement, and the feet 9, 9 indicated by the solid lines 
represent positions corresponding to the manipulator le- 
vers 26R, 26L as they are angularly moved forward by 
a manipulated displacement which is about half the 
maximum manipulated displacement. 
[0137] When both the left manipulator lever 26L and 
the right manipulator lever 26R are shifted to the forward 
manipulated position, as shown in FIG. 14(a), the ECU 
1 9 basically generates a desired gait (a current time gait 
and a next time gait) for two steps in each step for plac- 
ing the foot 9 of the left leg 2L in a position stepped for- 
ward from the foot 9 of the right leg 2R when the left leg 
2L and the right leg 2R are operated as the free leg and 
the supporting leg, respectively (see a first step and a 
third step in FIG. 1 4(a)), and for placing the foot 9 of the 
right leg 2R in a position stepped forward from the foot 
9 of the left leg 2L when the left leg 2L and the right leg 

. 2R are operated as the supporting leg and the free leg, 
respectively (see a second step in FIG. 14(a)), in the 
same manner as shown in FIG. 8(a) for the first embod- 

Jment. 

[01 38] According to the present embodiment, howev- 
er, for operating the left leg 2L as the free leg, the ECU 
19 generates a desired gait for setting a forward dis- 
placement of the foot 9 of the left leg 2L with respect to 
the foot 9 of the right leg 2R depending on a forward 
manipulated displacement of the left manipulator lever 
26L such that the forward displacement of the foot 9 of 
the left leg 2L is greater as the forward manipulated dis- 
placement is greater. Similarly, for operating the right leg 
2R as the free leg, the ECU 1 9 generates a desired gait 
for setting a forward displacement of the foot 9 of the 
right leg 2R with respect to the foot 9 of the left leg 2L 
depending on a forward manipulated displacement of 
the right manipulator lever 26R such that the forward 
displacement of the foot 9 of the right leg 2R is greater 
as the forward manipulated displacement is greater. As 
a result, when both the manipulator levers 26L, 26R are 
angularly moved forward by a maximum manipulated 
displacement, the robot A walks forward a greatest 
stride as indicated by the broken lines in FIG. 14(a), and 
when both the manipulator levers 26L, 26R are angu- 
larly moved forward by a manipulated displacement 
smaller than the maximum manipulated displacement, 
the robot A walks forward a stride smaller than the great- 
est stride as indicated by the solid lines in FIG. 14(a). 
[0139] FIG. 14(b) shows a gait of a walking action of 
the robot A where the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the neutral manipulated posi- 
tion, respectively. In FIG. 14(b), the feet 9, 9 indicated 
by the broken lines represent positions corresponding 



DOID: <EP 1 34461 3A1_I_> 



to the left manipulator lever 26L as it is angularly moved 
forward by a maximum manipulated displacement, and 
the feet 9, 9 indicated by the solid lines represent posi- 
tions corresponding to the left manipulator lever 26L as 
5 it is angularly moved forward by a manipulated displace- 
ment which is about half the maximum manipulated dis- 
placement. 

[0140] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
10 manipulated position and the neutral manipulated posi- 
tion, respectively, as shown in FIG. 14(b), the ECU 19 
basically generates a desired gait (a current time gait 
and a next time gait) for two steps in each step for plac- 
ing the foot 9 of the left leg 2L in a position stepped tor- 
's ward from the foot 9 of the right leg 2R (this action is the 
same as the action in FIG. 14(a)) when the left leg 2L 
and the right leg 2R are operated as the free leg and the 
supporting leg, respectively (see a first step and a third 
step in FIG. 1 4(b)), and for placing the foot 9 of the right 

20 leg 2R in a position parallel to the foot 9 of the left leg 
2L at the basic foot spacing in the lateral direction when 
the left leg 2L and the right leg 2R are operated as the 
supporting leg and the free leg, respectively (see a sec- 
ond step in FIG. 14(b)), in the same manner as shown 

25 in FIG. 8(b) for the first embodiment. 

[01 41 ] According to the present embodiment, howev- 
er, for operating the left free leg 2L, the ECU 19 gener- 
ates a desired gait for setting a forward displacement of 
the foot 9 of the left leg 2L with respect to the foot 9 of 

so the right leg 2R depending on a forward manipulated 
displacement of the left manipulator lever 26L such that 
the forward displacement of the foot 9 of the left leg 2L 
is greater as the forward manipulated displacement is 
greater. As a result, when the left manipulator lever 26L 

35 is shifted to the neutral manipulated position and the 
right manipulator lever 26R is angularly moved forward 
by a maximum manipulated displacement, the robot A 
walks forward a large stride at the time the left leg 2L is 
the free leg, as indicated by the broken lines in FIG. 14 

^0 (b), and when the left manipulator lever 26L is angularly 
moved forward by a manipulated displacement smaller 
than the maximum manipulated displacement, the robot 
A walks forward a stride smaller than indicated by the 
broken lines at the time the left leg 2L is the free leg, as 
indicated by the solid lines in FIG. 14(b). 
[0142] The walking action shown in FIG. 14(b) takes 
place similarly as shown in FIG. 14(d) even when the 
left manipulator lever 26Landthe right manipulator lever 
26R are shifted to the neutral manipulated position and 

so the forward manipulated position, respectively. FIG. 14 
(d) shows a gait of a walking action of the robot A where 
the left manipulator lever 26L and the right manipulator 
lever 26R are shifted to the neutral manipulated position 
and the forward manipulated position, respectively. In 

55 FIG. 14(d), the feet 9, 9 indicated by the broken lines 
represent positions corresponding to the right manipu- 
lator lever 26R as it is angularly moved forward by a 
maximum manipulated displacement, and the feet 9, 9 
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indicated by the solid lines represent positions corre- 
sponding to the right manipulator lever 26R as it is an- 
gularly moved forward by a manipulated displacement 
which is about half the maximum manipulated displace- 
ment. 

[0143] In this case, however, since the left manipula- 
tor lever 26L is shifted to the neutral manipulated posi- 
tion, when the left leg 2L is the free leg (a first step and 
a third step in FIG. 14(d)), the foot 9 of the left leg 2L is 
moved to a position parallel to the foot 9 of the right leg 
2R at the basic foot spacing in the lateral direction. 
When the right leg 2R is the free leg (a second step in 
FIG , 14(d)). the foot 9 of the right leg 2R is moved for- 
ward a displacement depending on the forward manip- 
ulated displacement of the right manipulator lever 26R. 
In FIG. 14(d), as the left leg 2L is the free leg in the first 
step, the robot A does not move forward in the first step. 
[0144] FIG. 14(c) shows a gait of a walking action of 
Ihe robot A where the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the rearward manipulated po- 
sition, respectively. In FIG. 14(c), the feet 9, 9 indicated 
by the broken lines represent positions corresponding 
-to the loft manipulator lover 26L and the right manipula- 
tor lever 26R as they are angularly moved forward and 
rearward, respectively, by a maximum manipulated dis- 
placement, and the feet 9, 9 indicated by the solid lines 
represent positions corresponding to the left manipula- 
tor lever 26L as it is angularly moved forward by a ma- 
nipulated displacement which is about half the maxi- 
mum manipulated displacement and the right manipu- 
lator lever 26R as it is angularly moved rearward by a 
manipulated displacement which is about half the max- 
imum manipulated displacement. 
[0145] When the left manipulator lever 26L and the 
right manipulator lever 26R are shifted to the forward 
manipulated position and the rearward manipulated po- 
sition, respectively, as shown in FIG. 14(c), the ECU 19 
basically generates a desired gait (a current time gait 
and a next time gait) for two steps in each step for plac- 
ing the foot 9 of the left leg 2L in a position stepped for- 
ward from the foot 9 of the right leg 2R (this action is the 
same as the action in FIG. 14(a)) when the left leg 2L 
and the right leg 2R are operated as the free leg and the 
supporting leg, respectively (see a first step and a third 
step in FIG. 14(c)), and for placing the foot 9 of the right 
leg 2R in a position stepped rearward from the foot 9 of 
the left leg 2L when the left leg 2L and the right leg 2R 
are operated as the supporting leg and the free leg, re- 
spectively (see a second step in F!G. 1 4(c)), in the same 
manner as shown in FIG. 8(c) for the first embodiment. 
[01 46] According to the present embodiment, howev- 
er, for operating the left leg 2L as the free leg, the ECU 
19 generates a desired gait for setting a forward dis- 
placement of the foot 9 of the left leg 2L with respect to 
the foot 9 of the right leg 2R depending on a forward 
manipulated displacement of the left manipulator lever 
26L such that the forward displacement of the foot 9 of 



the left leg 2L is greater as the forward manipulated dis- 
placement is greater. Similarly, for operating the right leg 
2R as the free leg, the ECU 1 9 generates a desired gait 
for setting a rearward displacement of the foot 9 of the 
5 right leg 2R with respect to the foot 9 of the left leg 2L 
depending on a rearward manipulated displacement of 
the right manipulator lever 26R such that the rearward 
displacement of the foot 9 of the right leg 2R is greater 
as the rearward manipulated displacement is greater. 
io As a result, when the left manipulator lever 26L and the 
right manipulator lever 26R are angularly moved to the 
forward manipulated position and the rearward manip- 
ulated position, respectively, by a maximum angular dis- 
placement, the foot 9 of the left free leg 2L is stepped 
'5 forward relatively greatly in the first step, and thereafter 
the legs 2L, 2R repeat their stepping action while main- 
taining the positions and attitudes in the fore-and-aft di- 
. rection of the feet 9, 9 of the first step, as indicated by 
the broken lines in FIG. 14(c). When the left manipulator 
lever 26L and the right manipulator lever 26R are angu- 
larly moved to the forward manipulated position and the 
rearward manipulated position, respectively, by similar 
angular displacements which are smaller than the max- 
imum angular displacement, the foot 9 of the left free 
leg is stepped forward a stride smaller than indicated by 
the broken lines in the first step, and thereafter the legs 
2L, 2R repeat their stepping action while maintaining the 
positions and attitudes in the fore-and-aft direction of the 
feet 9, 9 of the first step, as indicated by the solid lines 
in FIG. 14(c). 

[0147] In this manner, with respect to the angular ma- 
nipulation of the manipulator levers 26L, 26R in the fore- 
and-aft direction, depending on whether the left manip- 
ulator lever 26L is shifted to the forward, neutral, or rear- 
ward manipulated position, the placed attitude in the 
fore-and-aft direction of the foot 9 of the left leg 2L with 
respect to the foot 9 of the right leg 2R is determined 
when the left leg 2L is operated as the free leg, and de- 
pending on the manipulated displacement of the left ma- 
nipulator lever 26L, the placed position in the fore-and- 
aft direction of the foot 9 of the left leg 2L with respect 
to the foot 9 of the right leg 2R (the displacement in the 
fore-and-aft direction of the foot 9 of the left leg 2L) is 
determined. Furthermore, depending on whether the 
right manipulator lever 26R is shifted to the forward, 
neutral, or rearward manipulated position, the placed at- 
titude in the fore-and-aft direction of the foot 9 of the 
right leg 2R with respect to the foot 9 of the left leg 2L 
is determined when the right leg 2R is operated as the 
free leg, and depending on the manipulated displace- 
ment of the right manipulator lever 26R, the placed po- 
sition in the fore-and-aft direction of the foot 9 of the right 
leg 2R with respect to the foot 9 of the left leg 2L (the 
displacement in the fore-and-aft direction of the foot 9 
of the right leg 2R) is determined. 
[0148] The above motion control of the legs 2, 2 is 
carried out similarly with respect to the angular shifting 
in the lateral direction and the rotational shifting of the 
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manipulator levers 26L, 26R of the manipulation unit 23. 
Specifically, with respect to the angular shifting in the 
lateral direction of the manipulator levers 26L 26R, ba- 
sic gait patterns of the legs 2L, 2R are the same as those 
shown in FIGS. 9(a) through 9(d). At this time, the dis- 
placement in the lateral direction of the foot 9 of the left 
leg 2L with respect to the foot 9 of the right leg 2R when 
the left free leg 2L is adjusted depending on the manip- 
ulated displacement of the left manipulator lever 26L 
(the displacement of the foot 9 of the left leg 2L is greater 
as the manipulated displacement is greater). The dis- 
placement in the lateral direction of the foot 9 of the right 
leg 2R with respect to the foot 9 of the left leg 2L when 
the right free leg 2R is adjusted depending on the ma- 
nipulated displacement of the right manipulator lever 
26R (the displacement of the foot 9 of the right leg 2R 
is greater as the manipulated displacement is greater). 
[0149] With respect to the rotational shifting of the ma- 
nipulator levers 26L, 26R, basic gait patterns of the legs 
2L, 2R are the same as those shown in FIGS. 10(a) 
through 10(d). At this time, the displacement in the ro- 
tational direction of the foot 9 of the left leg 2L with re- 
spect to the foot 9 of the right leg 2R when the left free 
-leg 2L is adjusted depending on the manipulated dis- 
placement of the left manipulator lever 26L (the dis- 
placement of the foot 9 of the left leg 2L is greater as 
-the manipulated displacement is greater). The displace- 
ment in the rotational direction of the foot 9 of the right 
leg 2R with respect to the foot 9 of the left leg 2L when 
the right free leg 2R is adjusted depending on the ma- 
nipulated displacement of the right manipulator lever 
26R (the displacement of the foot 9 of the right leg 2R 
is greater as the manipulated displacement is greater). 
[0150] A current time gait and a next time gait that are 
generated in each step are appropriately corrected as 
with the first embodiment. Specifically, when the manip- 
ulated positions of the manipulator levers 26L, 26R are 
changed, while taking into account the current time gait 
and the next time gait which are generated at the time, 
the current time gait and the next time gait are appropri- 
ately corrected depending on the manipulated positions 
of the manipulator levers 26L, 26R in order to maintain 
the stability of the attitude of the robot A. For example, 
as described above with reference to FIG. 13 : when the 
manipulator levers 26L, 26R are changed in the basic 
manipulation mode, the gait is changed according to the 
pattern shown in FIG. 13. The displacements (including 
the angular displacements) of the feet 9 in each step 
depend on the manipulated displacements of the ma- 
nipulator levers 26L, 26R as described above. 
[01 51 ] The remote controller according to the present 
embodiment offers the same advantages as those of the 
first embodiment, and is further capable of adjusting the 
displacement (the displacement per step) of the foot 9 
of each leg 2 by adjusting the manipulated displacement 
of each manipulator lever 26, so that the manipulability 
of the robot A based on the operation of the manipulation 
unit 23 can be increased. 



[01 52] In the first and second embodiments described 
above, the robot A is controlled to make a walking action 
in the fore-and-aft direction, a walking action in the lat- 
eral direction, and a turn when the common manipulator 

5 levers 26, 26 are operated. However, the remote con- 
troller may have manipulator levers assigned respec- 
tively to walking actions in respective directions. Each 
of the manipulator levers assigned respectively to walk- 
ing actions in respective directions is not limited to a joy- 

10 stick-shaped manipulator lever, but may be a dial-type 
manipulator or a manipulator of another type. 
[0153] In the first and second embodiments, when 
both the manipulator levers 26, 26 are shifted to the neu- 
tral manipulated position, the feet 9, 9 of the legs 2, 2 

15 are made parallel to each other in the lateral direction 
at a fixed interval (the basic foot spacing). However, the 
positional or attltudinal relationship between the feet 9, 
9 such as the interval between the feet 9, 9 may be 
changed by operating a switch on the manipulation unit 
20 23. 

[0154] In the first and second embodiments, a desired 
gait for two steps is generated in each step of a walking 
action of the robot A. However a desired gait for three 
or more steps may be generated. 

25 [0155] In the second embodiment, the displacement 
(stride) of each step of the robot A is adjusted depending 
on the manipulated displacements of the manipulator le- 
vers 26 only in the basic manipulation mode. However, 
the displacement of the robot A may be adjusted de- 

30 pending on the manipulated displacements of the ma- 
nipulator levers 26 in the simple manipulation mode. 
[0156] In the second embodiment, the displacement 
of each step of the robot A is adjusted depending on the 
manipulated displacements of the manipulator levers 

35 26. However, the moving speed of the robot A may be 
adjusted depending on the manipulated displacements 
of the manipulator levers 26. In such a case, the period 
of a clock which determines the timings of lifting and 
placing of the legs 2 may be adjusted depending on the 

40 manipulated displacements of the manipulator levers 26 
of the manipulation unit 23. Specifically, with respect to 
a walking action of the robot A in the fore-and-aft direc- 
tion, a basic pattern of the walking action of the robot A 
depending on the manipulated positions of the manipu- 

^5 lation unit 23 (either the forward, neutral, or rearward 
manipulated position) is identical to the basic pattern in 
the basic manipulation mode according to the first em- 
bodiment, and depending on the manipulated displace- 
ment of each manipulator lever 26 in the fore-and-aft 

50 direction, the period in which the free leg 2 correspond- 
ing to that manipulator lever 26 may be adjusted. Such 
an adjustment may similarly be adjusted with respect to 
walking actions of the robot A in the lateral direction and 
the rotational direction. 

55 [0157] In the second embodiment, the displacement 
of each step of the robot A is adjusted depending on the 
manipulated displacements of the manipulator levers 
26. However, the displacement or moving speed of the 
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j robot A may be adjusted depending on a rate of change 
(a tirne-dependent rate of change) of the manipulated 
displacements of the manipulator levers 26. For exam- 
ple, a differential means for differentiating the manipu- 
lation signals of the manipulation detectors 31 R, 31 L 
may be provided on the manipulation unit 23 or the robot 
A, and a rate of change of the manipulated displace- 
ments of the manipulator levers 26 is detected from an 
output of the differential means. The displacement 
(stride) or moving speed of the robot A is adjusted de- 
pending on the detected rate of change (for example, 
the displacement or moving speed is increased as the 
rate of change is greater). 

[0158] In the first and second embodiments, the plac- 
ing of the legs 2 is visually indicated by the indicating 
lamps 28. However, the placing of the legs 2 may be 
audibly indicated or indicated by vibrations of the ma- 
nipulation unit 23. The placing of the legs 2 may be in- 
dicated as by the indicating lamps 28 only when either 
one of the legs 2L, 2R is placed. 

[0159] In the first and second embodiments, the robot 
A and the remote controller 22 communicate with each 
other through a wireless link. However, the robot A and 
-the remote controller 22 may communicate with each 
other through a wired link. The function of the control 
means according to the present invention is performed 
by the ECU 1 9 on the robot A. However, the function of 
the control means may be performed by a processing 
device or the like which is provided outside of the robot 
A. 

[01 60] In the first and second embodiments, when the 
leg stopping switch 27 of the manipulation unit 23 is 
turned on while the manipulator levers 26, 26 are in the 
neutral manipulated position, the stepping action of the 
legs 2, 2 is stopped, bringing the legs 2, 2 into the par- 35 
allel placed state. However, the residual capacity of the 
electric energy storage device 1 7 may be detected, and 
when the detected residual capacity is reduced, the 
stepping action of the legs 2, 2 may automatically be 
stopped. Alternatively, a period of time from the time 40 
when the manipulator levers 26. 26 are shifted to the 
neutral manipulated position and during which the ma- 
nipulator levers 26, 26 are kept in the neutral manipu- 
lated position may be measured, and when the meas- 
ured period of time reaches a certain length, the step- 45 
ping action of the legs 2, 2 may automatically be 
stopped. 

Industrial applicability: 

so 

[0161] As described above, the present invention is 
useful as a remote controller for easily manipulating a 
biped robot which moves with two legs, like a human. 

55 

Claims 

1 . A remote controller for a biped robot which moves 



in a walking action by alternately lifting and placing 
two legs, characterized by comprising a manipu- 
lation unit having a manipulator lever shiftable to a 
plurality of manipulated positions, for outputting a 
5 signal representing a manipulated position of the 

manipulator lever, and control means for being sup- 
plied with output signal data from the manipulation 
unit, generating a motion command for determining 
motions of the legs for at least two steps of the walk- 
10 ing action of the robot depending on the manipulat- 
ed position of the manipulator lever which is repre- 
sented by the supplied output signal data, and con- 
trolling motions of the legs based on the motion 
command. 

15 

2. A remote controller for a biped robot according to 
claim 1 , characterized in that the motion command 
for determining motions of the legs for at least two 
steps represents a desired gait for two steps which 
comprises a current time gait for determining mo- 
tions of the legs from a two-leg support period in 
which both the legs are placed until a next two-leg 
support period, and a next time gait for determining 
motions of the legs from the next two-leg support 
period until a two-leg support period nextto the next 
two-leg support period, and that each time a two- 
leg support period is reached, said control means 
obtains a next time gait immediately prior to the two- 
leg support period as a current time gait, generates 
a new next time gait depending on the manipulated 
position of said manipulator lever, and sequentially 
adjusts at least the new next time gait depending 
on the manipulated position of the manipulator le- 
ver. 

3. A remote controller for a biped robot according to 
claim 1 , characterized in that said manipulation 
unit has manipulator levers associated respectively 
with the legs of said robot, and said control means 
generates said motion command for determining a 
relative placed position and/or attitude of the free 
leg with respect to the supporting leg, depending on 
the manipulated position of the manipulator lever 
which is represented by said output signal data with 
respect to the manipulator lever corresponding to 
the free leg in said walking action. 

4. A remote controller for a biped robot according to 
claim 1 , characterized in that said plurality of ma- 
nipulated positions include a movement stopping 
manipulated position for stopping movement of said 
biped robot, and said control means selectively 
generates a motion command for causing said legs 
to make a stepping action and a motion command 
for keeping said legs in a placed state, depending 
on a predetermined condition, when said manipu- 
lator lever is shifted to said movement stopping ma- 
nipulated position. 
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5. A remote controller for a biped robot according to 
claim 1 , characterized in that said plurality of ma- 
nipulated positions include a predetermined neutral 
manipulated position, and said control means com- 
prises means for recognizing a displacement of said s 
manipulator leverfrom said neutral manipulated po- 
sition to other one of the manipulated positions and/ 

or a time-dependent rate of change of the displace- 
ment, based on the output signal data from said ma- 
nipulation unit, said control means generating said 10 
motion command to adjust a displacement or a 
moving speed of said biped robot depending on the 
recognized displacement and/or time-dependent 
rate of change of the displacement. 

15 

6. A remote controller for a biped robot according to 
claim 1 , characterized by placing detecting means 
for detecting when at least one of the legs is placed 
from a lifted stale and outputting a detected signal 

to said manipulation unit, said manipulation unit 20 
having indicating means for indicating the placing 
of said at least one of the legs depending on the 
detected signal. 

7. A remote controller for a biped robot according to 25 
claim 1 , characterized in that said control means 

is arranged to generate a plurality of different types 
of said motion commands with respect to at least 
some of said plurality of manipulated positions, said 
manipulation unit having manipulation mode desig- 30 
nating means for selectively indicating the types of 
the motion commands to be generated by said con- 
trol means, to said control means. 
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